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I.   On  the  (Economical  Production  of  Mechanical  Effect  from 
Chemical  Forces.     By  J.  P.  Joule,  F.R.S.  <^-c.* 

PERHAPS  the  most  important  applications  of  djmamical 
theory  arc  those  which  refer  to  the  production  of  motive 
power  from  cliemical  and  other  actions.  To  point  out  the  rules 
for  constructing  an  engine  which  shall  approach  })erfection  as 
nearly  as  possible,  and  to  determine  the  quantity  of  work  which 
ought  to  be  evolved  by  a  perfect  engine  of  any  given  class,  ai*e 
objects  of  the  greatest  consequence  in  the  present  state  of  society, 
and  which  have  in  fact  been  to  a  great  extent  already  accom- 
plished by  the  labours  of  those  who  have  taken  a  correct  view  of 
the  nature  of  heat.  I  intend  on  the  present  occasion  to  submit 
to  the  Society  some  of  the  laws  which  have  been  recently  arrived 
at  by  Professor  Thomson  and  myself,  and  to  offer  some  hints  as 
to  the  means  of  carrying  out  into  practice  the  deductions  of 
theory. 

Engines  which  derive  their  power  from  the  operation  of  che- 
mical forces  may  be  divided  into  three  classes.  The  first  class 
comprises  those  exquisite  machines  in  which  chemical  forces 
operate  by  the  mysterious  intervention  of  life,  whetlicr  in  the 
animal  or  vegetable  creation.  The  second  class  includes  machines 
in  which  the  chemical  forces  act  through  the  intervention  of 
electrical  currents,  as  in  the  ordinary  revolving  electro-magnetic 
apparatus.  The  third  comprises  those  engines  in  which  the 
chemical  forces  act  through  the  intervention  of  the  heat  they 

*  From  the  ^lemoirs  of  the  Literary  and  Philosopliical  Society  of 
Manchester,  1852,  vol.  x.     Communicated  by  the  Author. 
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produce ;  tliese^  whicli  may  be  termed  thermo-dynamic  engines, 
include  steam-engines,  air-engines,  &c. 

The  process  whereby  muscular  effort  is  developed  in  the  living 
machine  is,  as  might  be  expected,  involved  in  great  obscurity. 
Professor  Magnus  has  endeavoured  to  prove  that  the  oxygen 
inspired  by  an  animal  does  not  immediately  enter  into  combina- 
tion with  the  blood,  but  is  mechanically  conveyed  by  it  to  the 
capillary  vessels  within  the  muscles,  where  it  combines  with  cer- 
tain substances,  converting  them  into  carbonic  acid  and  water. 
The  carbonic  acid,  instead  of  oxygen,  is  then  absorbed  by  the 
blood,  and  is  discharged  therefrom  when  it  reaches  the  lungs. 
Taking  this  view,  we  may  admit  wuth  Liebig,  that  at  each  effort 
of  an  animal  a  portion  of  muscular  fibre  unites  with  oxygen,  and 
that  the  whole  force  of  combination  is  converted  by  some  myste- 
rious process  into  muscular  power,  without  any  waste  in  the  form 
of  heat.  This  conclusion,  which  is  confirmed  by  the  experiments 
related  in  a  joint  memoir  by  Dr.  Scoresby  and  myself,  shows 
that  the  animal  frame,  though  destined  to  fulfill  so  many  other 
ends,  is  as  an  engine  more  perfect  in  the  (Economy  of  vis  viva 
than  any  human  contrivance. 

The  electro-magnetic  engine  presents  some  features  of  simi- 
larity to  the  living  machine,  and  approaches  it  in  the  large  pro- 
portion of  the  chemical  action  which  it  is  able  to  evolve  as 
mechanical  force.  If  we  denote  the  intensity  of  current  elec- 
tricity when  the  engine  is  at  rest  by  a,  and  the  intensity  of  cur- 
rent when  the  engine  is  at  work  by  b,  the  proportion  of  chemical 

force  converted  into  motive  force  will  be ,  and  the  quantity 

h  ^ 

wasted  in  the  form  of  heat  will  be  -.  Now  from  my  own  expe- 
riments, I  find  that  each  grain  of  zinc  consumed  in  a  DanielPs 
battery  will  raise  the  temperature  of  a  lb.  of  water  0°"1886 ;  and 
that  the  heat  which  can  increase  the  temperature  of  a  pound  of 
water  by  one  degree,  is  equal  to  the  mechanical  force  which  is 
able  to  raise  a  weight  of  772  lbs.  to  the  height  of  one  foot,  or 
according  to  the  expression  generally  used,  to  772  foot-pounds. 
Therefore  the  w^ork  developed  by  a  grain  of  zinc  consumed  in  a 
Daniell^s  battery  is  given  by  the  equation 

145-6(g-Z>) 
~  a 

We  now  come  to  the  third  class  of  engines,  or  those  in  which 
the  chemical  forces  act  through  the  inteiTention  of  heat.  In  the 
most  important  of  these  the  immediate  agent  is  the  elasticity  of 
vapour  or  permanently  elastic  fluids.  In  a  veiy  valuable  paper 
on  the  dynamical  theory  of  heat.  Professor  William  Thomson 
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has  demonstrated  that  if  the  heat  evolved  by  compressing  an 
elastic  fluid  be  equivalent  to  the  force  absorbed  in  the  compres- 
sion, the  proportion  of  heat  converted  into  mechanical  eflfect  by 
any  perfect  thermo-dyuamic  engine  will  be  equal  to  the  range  of 
temperatui'e  divided  by  the  highest  temperature  from  the  abso- 
lute zero  of  temperature.  Therefore,  if  in  a  perfect  steam-engine 
a  be  the  temperature  of  the  boiler  from  the  absolute  zero,  and  b 
be  the  absolute  temperatui-e  of  the  condenser,  the  fraction  of  the 
entire  quantity  of  heat  communicated  to  the  boiler  which  will  be 

converted  into  mechanical  force,  will  be  represented  by  , 

which  is  analogous  to  the  fraction  representing  the  proportion  of 
chemical  force  converted  into  mechanical  effect  in  the  electro- 
magnetic engine*.  The  extreme  simplicity  of  this  very  import- 
ant deduction  which  Professor  Thomson  has  dra'mi  from  the 
dynamical  theoiy  of  heat,  is  of  itself  a  strong  argument  in  favour 
of  that  theor}'-,  even  if  it  were  not  already  established  by  decisive 
experiments. 

Now,  estimating  the  heat  generated  by  the  combustion  of  a 
grain  of  coal  at  1°'634  per  lb.  of  water,  its  absolute  mechanical 
value  vdW  amount  to  1261'-15  foot-pounds;  hence,  according 
to  Professor  Thomson^s  formula,  the  work  performed  by  any 
perfect  thermo-dynamic  engine  will,  for  each  grain  of  coal 
consumed,  be  represented  by  the  equation 

,,.     1261-45  [a-b) 

which  applies,  as  before  intimated,  not  only  to  air-engines, 
but  also  to  those  steam-engines  in  which  the  principle  of  ex- 
pansion is  carried  to  the  utmost  extent,  providing  always  that 
no  waste  of  power  is  allowed  to  take  place  in  friction,  and  that 
the  entire  heat  of  combustion  of  the  coal  is  conveyed  to  the 
boiler  or  air-receiver. 

Professor  Thomson  was  the  first  to  point  out  the  great 
advantages  to  be  anticipated  from  the  air-engine,  in  consequence 
of  the  extensive  range  of  temperature  which  it  may  be  made  to 
possess;  and  in  a  paper  communicated  to  the  Koyal  Society 
soon  afterwards,  I  described  a  veiy  simple  engine  which  fulfills 
the  criterion  of  perfection  according  to  Professor  Thomson^s 
formula.  This  engine  consists  of  three  parts,  viz.  a  condensing 
air-pump,  a  receiver,  and  an  expansion  cylinder;    the  pump 

*  Referring  to  this  analogy,  Professor  Thomson  writes  as  follows  : — "  I 
am  inclined  to  think  that  an  electric  current  circulating  in  a  closed  con- 
ductor is  heat,  and  becomes  capable  of  producing  tliermometric  effects  by 
being  frittered  down  into  smaller  local  circuits  or  '  molecular  vortices.'  " — 
Letter  to  the  Author,  dated  March  ol,  1852. 
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forces  atmospheric  air  into  the  receiver,  in  the  receiver  its  elas- 
ticity is  increased  by  the  application  of  heat,  and  then  the  air 
enters  the  expansion  cylinder,  of  which  the  volume  is  to  that  of  the 
pump  as  the  absolute  temperature  of  the  air  in  the  receiver  is  to 
that  of  the  air  entering  it.  The  cylinder  is  furnished  with  expan- 
sion gear  to  shut  off  the  air,  when  the  same  quantity  has  been 
expelled  from  the  receiver  as  was  forced  into  it  by  one  stroke  of 
the  pump.  By  this  disposition  the  air  is  expelled  from  the 
expansion  cylinder  at  the  atmospheric  pressure,  and  at  the 
absolute  temperature  coiTCsponding  with  b  in  Professor  Thom- 
son's formula. 

As  an  example  of  the  above  kind  of  air-engine,  I  will  take 
one  working  in  atmospheric  air  of  15  lbs.  pressure  on  the 
square  inch  and  50°  Fahr.  I  will  suppose  that  the  expansive 
action  in  the  cylinder  is  to  exist  through  three-fourths  of  its 
length.  Then  as  the  action  of  the  compressing  pump  is  the 
reverse  of  that  of  the  cylinder,  the  piston  of  the  former  must 
traverse  three-fourths  of  its  length  before  the  air  is  sufficiently 
compressed  to  enter  the  receiver  by  its  own  pressure.  The 
temperature  of  the   air  entering  the  receiver,    determined   by 

Poisson's  equation  -=  ( :^,  j      ,  will  be  439^'59  Fahr.^  and  its 

pressure  will  be  105'92  lbs.  on  the  square  inch.  Sujiposing 
now  that  the  volume  of  the  cylinder  is  to  that  of  the  pump  as  4 
to  3,  the  density  of  the  air  in  the  receiver  to  that  forced  into  it 
by  the  pump  must  be  as  3  to  4,  in  order  to  keep  the  quan- 
tity of  air  in  the  receiver  constant.  The  temperature  of  the 
air  in  the  receiver  will  also  require  to  be  kept  at  739°*  12  Fahr. 
in  order  to  maintain  the  pressure  of  105*92 lbs.  on  the  square 
inch.  The  air  entering  the  cylinder  at  the  above  pressure  and 
temperature  will  escape  from  it  at  the  end  of  the  stroke  at  the 
atmospheric  pressure,  and  at  the  temperature  219f°. 

It  mil  be  remarked  that  there  are  two  ranges  of  temperatures 
in  the  engine  I  have  described,  ^■iz.  that  of  the  pump,  and  that 
of  the  cylinder.  Owing,  however,  to  the  exact  proportion  which 
subsists  between  the  two,  the  same  result  is  arrived  at  by  the 
application  of  Professor  Thomson's  formula  to  either  of  them. 
Taking,  therefore,  the  range  of  the  cylinder,  and  converting  the 
temperatm-es  of  the  air  entering  and  discharged  from  the  cylinder 
into  the  absolute  temperatures  from  the  real  zero  by  adding  to 
them  459°,  we  obtain  for  the  work  evolved  by  the  consumption 
of  a  grain  of  coal, 

,,.     1261-45  (1198-12— 678-66)     ..^nor    ^  j 

\v  = T-ino  TO ^  =  o46-92  foot-pounds. 

1  i9o*12 


Mechanical  Effect  from  Chemical  Fwccs.  5 

In  order  to  compare  the  foregoing  result  with  the  duty  of 
a  steam-engine  approaching  perfection  as  nearly  as  possible,  I 
will  admit  that  steam  may  be  safely  worked  at  a  pressure  of 
14  atmospheres.  The  temperature  of  the  boiler  corresponding 
to  that  pressure  will,  according  to  the  experiments  of  the  French 
Academicians,  be  387^  Fahr.  The  temperature  of  the  condenser 
might  be  kept  at  80°,  Reducing  the  above  to  temperatures 
reckoned  from  the  absolute  zero,  we  obtain  for  the  work  evolved 
by  the  combustion  of  each  gi'ain  of  coal, 

,v     1261-45  (816— 539^      ,_^«.    ^  . 

W  = -J-— /  =  4o  /  •  /  D  toot-pounds. 

846 

It  woidd  therefore  appear,  even  in  the  extreme  case  which 
I  have  adduced,  that  the  performance  of  the  steam-engine  is 
considerably  inferior  to  that  of  the  air-engine.  The  superiority 
of  the  latter  would  have  been  still  more  evident  had  I  also  taken 
an  extreme  case  as  an  illustration  of  its  ceconomy.  It  must, 
moreover,  be  remarked  that  the  heated  aii*  escaping  from  the 
engine  at  a  temperature  so  high  as  219f°  might  be  made  avail- 
able in  a  variety  of  ways  to  increase  still  more  the  quantity  of 
work  evolved.  A  part  of  this  heated  air  might  also  be  employed 
in  the  fm-naces  instead  of  cold  atmospheric  air. 

We  may  also  hope  eventually  to  realize  the  great  advantage 
which  would  be  secured  to  the  air-engine  by  causing  the  aii",  in 
its  passage  from  the  pump  to  the  cylinder,  to  come  into  contact 
with  the  fuel  by  the  combustion  of  which  its  elasticity  is  to  be 
increased.  It  appears  to  me  that  the  air  might  pass  through  a 
number  of  air-tight  chambers,  each  containing  ignited  fuel,  and 
that  whenever  any  one  of  the  chambers  required  replenishing, 
its  connexion  with  the  engine  might  be  cut  off  by  means  of 
proper  valves,  until  by  removing  an  air-tight  hd  or  door  the 
chamber  could  be  filled  again  with  fuel.  By  means  of  suitable 
valves,  it  would  be  easy  to  regulate  the  quantity  of  air  passing 
through  each  chamber  so  as  to  keep  its  temperature  uniform ; 
and  by  a  separate  pipe,  furnished  also  with  valves,  by  which  the 
air  could  be  carried  from  the  pump  to  the  ujiper  part  of  the 
chambers  without  traversing  the  fuel,  the  engine  man  would  be 
enabled  to  keep  the  temperatm'cs  of  the  chambers,  as  well  as  the 
velocity  of  the  engine,  under  proper  control. 
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II.  On,  the  Mechanical  Effect  of  Heat  and  of  Chemical  Forces. 
By  W.  J.  Macquoun  IIaxkine^  F.R.S.E.  ^-c.  In  a  Letter 
to  J.  P.  Joule,  F.R.S.  6)-c.* 

59  St.  Vincent  Street,  Glasgow, 
My  dear  Joule,  December  11,  1852. 

I  RETURN  you  my  best  thanks  for  the  papers  you  have 
sent  me. 
In  that  on  the  "  (Economical  production  of  IMechanical  Effect 
from  Chemical  Forces/^  I  am  struck  in  particular  ^vith  the  ana- 
logy you  have  pointed  out  between  the  functions  representing 
the  fractions  of  the  motive  power  converted  into  mechanical  effect 
in  the  electro-dynamic  and  thermo-dynamic  engines  respectively, 
both  being  capable  of  being  expressed  by  the  formula 

a — b 
a 

With  respect  to  the  nature  of  the  functions  a  and  b  in  the  case 
of  electricity,  it  is  evident  that  they  are  proportional,  as  you  have 
statedfj  to  the  strengths  of  the  current  measured  when  the 
engine  is  at  rest  and  in  motion.  In  fact,  ab  being  the  total 
power  expended,  b^  is  converted  into  heat,  and  ab  —  b"^  remains 
for  the  useful  effect. 

As  to  the  nature  of  these  functions  in  the  case  of  heat,  they 
are  proportional  to  the  absolute  quantities  of  thermometric  heat 
contained  in  the  l)ody  at  the  temperatures  of  heating  and  cooling 
respectively. 

If  we  make  no  definite  hjqiothesis  respecting  the  kind  of  vis 
viva  which  constitutes  thermometric  heat,  then  a  and  b  are  func- 
tions of  the  temperatures,  the  nature  of  which  has  to  be  deter- 
mined empirically;  and  this  view  constitutes  the  basis  of  the 
theory  of  Carnot  as  modified  by  Clausius  and  Thomson. 

If  we  assume  the  principle  (with  Mayer)  that  the  specific  heat 
of  a  perfect  gas  is  constant  at  all  temperatures,  or  the  necessary 
consequence  of  this  assumption,  that  the  heat  developed  by 
compressing  a  perfect  gas  is  the  exact  equivalent  of  the  power 
employed,  then  the  functions  a  and  b  become  simply  proportional 
to  the  absolute  temperatures  as  measured  by  a  perfect  gas  ther- 
mometer. I  see  you  have  adopted  this  view  in  your  investigations 
on  the  air-engine. 

If  we  adopt,  respecting  the  natm'e  of  the  vis  viva  which  con- 

*  Communicated,  with  tbe  permission  of  the  Author,  by  Mr.  J.  P.  Joule. 

t  "  Experimeuts  and  Observations  ou  the  ^Mechanical  Powers  of  Electro- 
magnetism,  Steam,  and  Horses,"  ])y  Messrs.  Scoresby  and  Joule,  Philoso- 
phical Magazine,  S.  3.  vol.  xxviii.  p.  451,  1846. 
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stitutes  thermometric  heat,  the  hypothesis  which  I  have  called 
that  of  molecular  vortices,  that  is  to  say,  if  we  suppose  thermal 
elasticity  to  arise  from  the  centrifugal  force  of  molecular  revo- 
lutions, I  have  shown  that  the  functions  a  and  b  are  propor- 
tional to  the  absolute  temperatures  diminished  by  a  constant 
which  is  yet  xmknown,  but  which  must  be  the  same  for  all  sub- 
stances; being,  in  fact,  the  absolute  temperature  which  cor- 
responds to  total  privation  of  heat ;  in  other  words,  the  distance 
between  the  absolute  zero  of  gaseous  elasticity  and  the  absolute 
zero  of  heat.     This  is  expressed  by  the  formula 

a  —  b  Ta—Tb 


where  Xa  and  t^  are  the  absolute  temperatures,  and  ac  the  constant 
in  question.  If  we  assimie  that  this  constant  is  either  null  or 
inappreciably  small  compared  ^nth  the  tempcratui'es  at  which 
machines  usually  work,  we  obtain  the  formula 

which  you  have  employed  in  your  investigations. 

With  respect  to  the  value  of  the  constant«:,the  only  existing  data 
which  throw  any  light  upon  it  are  the  experiments  just  published 
by  Thomson  and  yourself  on  the  heat  produced  by  the  friction 
of  air ;  and  even  they,  so  far  as  they  have  yet  gone,  are  sufficient 
to  prove  only  that  it  is  exceedingly  small,  ^lien  carried  out  on 
a  larger  scale  (and  especially  with  carbonic  acid  gas,  for  reasons 
which  1  shall  point  out),  I  have  no  doubt  they  will  furnish  the 
means  of  detennining  it  exactly. 

I  am  now  deducing  the  theoretical  results  of  these  experiments 
according  to  the  hypothesis  of  molecular  vortices ;  and  though 
my  calculations  are  not  yet  complete,  I  think  it  desii'able  to  let 
you  know  the  residts  so  far  as  I  have  gone. 

The  mechanical  value  of  the  heat  which  disappears  in  the  fii-st 
instance  in  expanding  a  substance  from  the  volume  Vj  to  the 
volume  Vg  at  a  constant  temperature,  is  represented  by 


(^-^'t::^-' 


The  power  developed  by  the  expansion,  which  in  youi'  experi- 
ments is  reconverted  into  heat  by  friction,  is 


r 


?dy. 
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So  that  if  Kv  be  the  dynamical  specific  heat  of  the  body  at  con- 
stant volume,  the  final  cooling  efi"ect  is 

If  the  substance  were  a  perfect  gas,  then 

</t  ~  t' 

and  the  first  integral  would  be  null.     But  no  existing  gas  is 

</P  P 

perfect,  and  -j-  is  always  greater  than  — .     I  have  therefore,  in 

the  first  instance,  calculated  for  the  pressures  and  temperatures  in 
your  experimeuts  the  values  of  the  first  term  of  the  above  for- 
mula (which  represents,  iu  fact,  the  heat  expended  in  overcoming 
the  cohesion  of  the  gas)  according  to  the  formula?  which  I  deduced 
in  1849  from  the  experiments  of  M.  Regnaalt;  and  so  far  as  I 
have  gone,  the  result  has  been  that  the  first  term  of  the  above 
equation  always  exceeds  the  actual  coolirtg  hy  a  fraction  of  a 
degree.  These  two  quantities  vary  in  a  similar  manner;  that  is 
to  say,  they  both  increase  with  increased  pressure,  and  diminish 
rapidJy  with  increased  temperature. 

The  excess  of  the  calculated  cooling  by  cohesion  above  the 
actual  cooling,  if  freed  from  the  efitcts  of  errors,  would  represent 
the  second  term  of  the  above  equation,  and  afi"ord  the  means  of 
computing  the  value  of  the  constant  k  ;  but  it  is  both  too  small 
and  too  irregular  in  its  amomit  to  serve  for  this  purpose  further 
than  to  show  that  k  has  probably  some  value,  but  certainly  a 
veiy  small  one. 

I  would  now  suggest  to  you  the  advantage  of  using  carbonic 
acid  gas  in  some  future  experiments,  because  it  is  a  definite 
chemical  compound,  and  therefore  not  subject  to  variation  in  its 
properties ;  and  also  because  in  it  the  efi"ect  of  cohesion  is  greater 
than  in  atmospheric  air,  and  capable  of  being  calculated  with 
greater  precision.  The  formula  representing  the  pressure  of 
carbonic  acid  in  terms  of  its  volume  and  temperature  is  very 
simple,  and  agrees  very  closely  with  Regnault's  experiments.  It 
is  of  this  form  : 


T(,  is  the  absolute  temperature  of  melting  ice,  Dg  the  theoretical 
density  in  the  state  of  perfect  gas  at  the  absolute  temperature 
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Tq  and  pressure  Pq  ;  V,J),t  the  actual  pressure,  density,  and 
absolute  temperature,  and  a  and  h  two  constants*. 

The  numerical  value  of  the  absolute  temperature  of  melting 
ice  is  of  much  importance  in  researches  on  heat.  It  is  usual  to 
employ  an  approximate  value  deduced  from  the  coefficient  of 
expansion  of  air,  such  as  491°  Fahr.  or  273°  Cent. ;  but  on  com- 
paring a  series  of  such  approximate  values  (which  are  all  too 
small)  deduced  from  Regnault^s  experiments  on  air  and  carbonic 
acid  at  progi'cssively  diminishing  pressures,  it  appears  that  as 
the  density  diminishes,  those  values  tend  towards 

274.°-6  Cent.  =494°-28  Fahr.; 

which  is  the  true  absolute  temperature  of  melting  ice,  correct  (as 
I  believe)  to  a  small  fraction  of  a  degree. 

I  may  add,  that  the  cooling  effect  of  cohesion  in  carbonic  acid 
gas,  as  calculated  from  the  formulse  I  have  given,  varies  dii'cctly 
as  the  difference  between  the  initial  and  final  densities,  and  in- 
versely as  the  following  function  of  the  absolute  temperature  : — 

2a       b 


So  that  at  a  certain  temperature  it  disappears,  and  a  heating 
effect  commences,  which  with  increase  of  temperature  gradually 
becomes  insensible.  The  law  for  atmospheric  air  is  much  more 
complicated. 

I  beg  you  will  excuse  the  great  length  of  this  letter,  which 
has  arisen  from  my  anxiety  to  explain  to  you  fully  my  reasons 
for  recommending  carbonic  acid  as  a  subject  for  experiments  on 
the  thermal  effects  of  currents,  and  for  adopting  the  value  I  have 
mentioned  for  the  absolute  temperature  of  melting  ice. 

Until  further  experiments  are  made,  I  think  that  for  practical 
purposes  we  may  neglect  the  constant  k. 

1  am,  yours  veiy  truly, 

/.  P.  Joule,  Esq.  W.  J.  Macquorn  Rankine. 

Dec.  24. — On  completing  the  reduction  of  the  experiments 
referred  to  above,  I  have  found  the  results,  especially  where 
large  quantities  of  air  were  employed,  to  agree  better  than  I  at 
first  anticij)ated.  They  seem  to  indicate  that  the  value  of  k  is 
somewhere  about  2°  Centigrade. — W.  J.  M.  R. 

*  The  details  of  this  and  simihir  fonuulac  arc  contained  in  the  21st,  25th, 
and  2Gth  Articles  of  a  paper  "  On  the  Centiifngal  Theory  of  Elasticity," 
Philosophical  Magazine,  December  1851. 
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III.   On  the  Heat  of  Chemical  Combination. 
By  Thomas  Woods,  M.D. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen,  Parsonstown,  Dec.  13, 1852. 

IN  the  last  Number  of  this  Magazine  Dr.  Andrews  disputes 
my  right  to  the  first  publicatiou  of  the  proof,  that  "  the 
decomposition  of  a  compound  body  occasions  as  much  cold  as 
the  combination  of  its  elements  originally  produced  heat.^^  He 
quotes  a  paper  he  published  in  this  Magazine  in  1844,  and  one 
in  the  Philosophical  Transactions  for  1848,  wherein  he '' assumes" 
the  truth  of  this  proposition  from  the  fact,  that  when  one  base 
displaces  another,  a  quantity  of  heat  is  absorbed  equivalent  to 
that  produced  by  the  combination  of  the  former.  On  this 
account  he  thinks  he  has  a  right  by  prior  publication  to  the 
discovery. 

Now  if  such  an  assumption  can  be  looked  on  in  this  light,  the 
merit  of  the  discovery  should,  I  believe,  be  given  to  Hess,  because 
so  far  back  at  least  as  1841  he  applies  the  knowledge  of  heat 
lost  by  the  withdrawal  of  a  base  to  account  for  the  circumstance 
that  no  heat  is  developed  in  double  decomposition, — this  is  what 
he  calls  his  principle  of  thermo-neuirality .  But  supposing  that 
Dr.  Andrews  was  the  first  to  direct  attention  to  this  point,  I 
must  still  be  excused  by  him  for  saying,  that,  assuming  the 
truth  of  an  important  and  constantly  operating  principle  from 
the  agreement  of  one  class  of  facts  is  not  more  than  conjecture ; 
it  certainly  cannot  be  said  to  be  a  proof.  I  must,  however,  say 
that,  until  Dr.  Andrews  directed  my  attention  by  his  letter  to 
the  papers  he  there  refers  to,  I  was  not  aware  that  he  or  any 
other  person  had  in  any  way  alluded  to  the  subject.  If  I  had 
known  of  the  papers,  I  would  have  quoted  them  in  mine.  I 
was  only  acquainted  with  the  results  of  Dr.  Andrews's  very  valu- 
able labours.  The  theory  I  had  formed  of  the  cause  of  the  heat 
of  chemical  combination,  required  me  to  prove  that  the  absorp- 
tion of  heat  by  decomposition  is  equal  to  its  production  by  com- 
bination, and  this  I  attempted  to  do  without  knowing  of,  or 
being  able  to  refer  to,  the  experiments  of  others,  my  library 
being  very  limited.  Through  the  kindness  of  the  Earl  of  Rosse, 
whose  library  is  just  the  reverse  of  mine,  I  have  been  since  then 
enabled  to  supply  my  wants.  I  offer  this  excuse  to  Dr.  Andrews 
and  others  for  not  having  noticed  what  had  been  said  on  the 
subject  previously  to  my  paper;  but  at  the  same  time  I  still 
maintain,  after  having  made  every  reference  to  what  others  have 
done,  there  is  nothing  to  prevent  me  saying,  that,  by  right  of 
prior  publication,  I  am  the  first  who  proved  the  general  prin- 
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ciple,  that  "  the  decomposition  of  a  compound  body  occasions 
as  much  cold  as  the  combination  of  the  elements  originally  pro- 
duced heat." 

Mr.  Joule^  in  the  introduction  to  his  paper  "  On  the  Heat  dis- 
engaged in  Chemical  Combinations,"  published  in  this  Magazine 
last  July,  after  noticing  that  I  had  proved  the  definite  production 
of  cold  by  decomposition,  adds_,  that  previous  to  the  year  1843 
he  had  demonstrated  "  that  the  heat  rendered  latent  in  the  elec- 
trolysis of  water  is  at  the  expense  of  the  heat  which  would  other- 
wise have  been  evolved  in  a  free  state  by  the  circuit."  But  his 
conclusions  in  no  way  interfere  with  mine,  for  he  ascribes  the 
absence  of  heat  to  a  cause  quite  different  from  absorption  by 
decomposition.  He  reasons  thus,  if  I  understand  him  rightly  : — A 
current  of  a  certain  intensity  passing  through  a  conductor  with 
resistance  produces  a  certain  amount  of  heat.  The  same  inten- 
sity of  current  ought  equally  to  affect  water  and  a  solid  con- 
ductor ;  but  he  proves  less  heat  is  produced  by  it  in  water ;  and 
ascribes  as  the  reason,  that  a  certain  amount  of  the  intensity  is 
used  up  in  overcoming  the  obstruction  offered  by  the  decom- 
position, and  the  residue  of  the  current  is  alone  concerned  in 
producing  the  heat.  Now  this  explanation  differs  altogether 
from  that  which  ascribes  to  the  decomposition  itself  the  absorp- 
tion of  the  heat.  The  latter  is  the  principle  I  endeavoured  to 
establish  in  the  paper  published  in  this  Magazine  in  October 
1851,  and  by  a  similar  process  to  mine,  which  Mr.  Joule  him- 
self proves  in  the  Number  for  July  185.2. 


If  it  be  true  that  decomposition  occasions  as  much  cold  as 
combination  of  the  same  elements  produces  heat,  is  not  j\Ir. 
Joule's  theory  of  the  heat  of  combination  being  due  to  resistance 
to  electric  conduction  disproved  ? 

I  have  the  honour  to  be,  &c., 

Thomas  Woods. 


IV.  Note  on  Combinations. 
By  the  Rev.  Thomas  P.  Kiukman,  A.M. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 

THE  puzzle  of  the  fifteen  young  ladies  now  takes  rank  as  a 
case  of  a  mathematical  problem,  of  no  common  interest, 
from  the  analysis  developed  in  its  treatment.  Mr.  Anstice  has 
shown,  in  the  Cambridge  and  Dublin  Mathematical  Journal,  how 
this  kind  of  question  may  be  brought  imder  the  mastery  of 
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algebra,  and  has  given  the  rule  for  the  hke  arrangement  of 
12«  +  3  symbolsj  whenever  6/1  +  I  is  a  prime  number.  It  thus 
appears,  that  all  the  results  which  are  indicated  by  the  analysis 
of  jMr.  Spottiswoode  in  this  Journal  of  May  last,  and  which  were 
anticipated,  rather  than  affirmed  by  him,  are  certainly  true. 

The  arguments  adduced  by  me  (page  526,  vol.  iii.)  to  show 
that  a  similar  arrangement  of  21  and  of  33  symbols  is  impos- 
sible, while  they  are,  as  I  conceive,  conclusive  for  those  numbers, 
are  not  tenable  for  the  case  of  3n,  when  n  is  any  prime  greater 
than  11 ;  for  the  reason  that  the  triads,  required  for  such  arrange- 
ment, are  fewer  than  those  which  can  be  made  with  n  things. 
I  would  beg  leave  to  add  the  following  to  the  theorems  which  I 
have  already  had  your  permission  to  enunciate. 

Ifr  is  a  prime  number,  (r* — l):(r — 1)  symbols  can  be  arranged 
in  {i'  +  l)-plets  till  every  duad  is  once  and  once  only  employed. 

Ifr,  (r^*  — l):(r — 1),     (r^  — l):(r  — 1),   S)C.   be  prime  numbers, 

/i-a_j\p    /r'j—lXq  /r"^  — 1\' 

(r  + 1) .  I  -; — Y  )  •  {  -; — J-  ]  ....  I  -; — =-  j  symbols  can  be  ar- 
ranged in  {r-{-l)-plets  till  every  duad  has  been  once  and  once  only 
employed,  whatever  be  the  number  and  the  powers  of  the  prime 
factors. 

Croft,  near  Warrington, 
December  3,  1852. 

V.  Researches  on  the  Conductibility  of  Minerals  for  Voltaic 
Electricity.  By  Elie  Wartmanx,  Professor  of  Natural  Phi- 
losophy in  the  Academy  of  Geneva^. 

IN  examining  the  conductibility  of  crystals,  the  author,  as  his 
title  indicates,  has  made  use  of  voltaic  electricity,  the  effects 
produced  being  measured  by  a  good  galvanometer  introduced 
into  the  circuit.  If  the  mineral  appeared  to  be  an  insulator,  the 
intensity  of  the  current  was  augmented  until  a  battery  consisting 
of  ten  large  couples  of  Daniell  was  applied.  In  the  contraiy 
case  the  cuiTent  was  moderated  to  the  required  degree  by  means 
of  a  rheostat. 

The  purity  of  the  minerals  exercises  a  great  influence  on  their 
conductibility;  the  author  therefore  employed,  in  all  possible 
cases,  well-determined  crystals.  All  the  experiments  were  made 
in  winter,  in  a  room  whose  temperature  varied  from  14°  to  17° 
Cent.,  between  which  limits  the  conductibility  of  the  substance  is 
not  sensibly  altered.     Every  experiment  was  repeated  several 

*  Abstract  of  a  paper  read  before  the  Societ)'  of  Physics  and  Natural 
Historv  of  Geneva. 
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times,  and  with  several  specimens,  the  surfaces  having  been  pre- 
viously purified  with  care. 

Three  hundred  and  nineteen  species  have  been  submitted  to 
direct  examination  by  the  author.  The  comparison  of  his  results 
with  those  of  previous  experimenters  shows  in  general  a  satis- 
factory coincidence.  Where  divergences  exhibited  themselves, 
they  are  to  be  referred  to  the  variety  of  structure  resulting  from 
difference  of  locality,  and  without  doubt  also  to  the  fact  of  his 
having  made  use  of  voltaic  instead  of  machine  electricity. 

The  influences  resulting  from  differences  of  structure  are 
exhibited  by  the  experiments  of  M.  Riess  on  the  conductibility  of 
the  sulphuret  of  antimony,  native  and  artificial.  These  obser- 
vations have  been  confirmed  by  those  of  Professor  Faraday,  and 
more  recently  by  i\IM.  Karsten  and  Munck  of  Roscnschold,  who 
have  found  among  other  peculiarities,  that  native  ciystals  of 
realgar  procured  from  Nagy-Ag  are  good  conductors,  while 
M.  Hausmann  ranks  the  substance  among  the  semi-conductors, 
and  M.  Pelletier  among  the  insulators.  Sulphuret  of  zinc,  in 
pieces  or  in  powder,  is  a  conductor  or  an  insulator  according  as 
it  is  prepared  in  the  dry  or  the  humid  way.  Does  not  this 
explain  the  divergence  of  the  results  of  J\I.  Hausmann  from  those 
of  jMr.  Fox  with  reference  to  blende  ?  Black  sidphuret  of  mer- 
cury very  pure  conducts  v.ell,  while  cinnabar  is  a  perfect  insu- 
lator.    The  other  sulphurets  exhibit  the  same  peculiarities. 

The  diversity  of  electric  propagation,  according  as  it  comes 
from  the  pile  or  the  machine,  is  rendered  manifest  by  a  crowd 
of  experiments.  MM.  Hausmann  and  Henrici  distingaiish  as 
semi-conductors  a  gi'eat  number  of  substances,  such  as  carbonate 
and  sulphate  of  lime,  which  with  current  electricity  are  perfect 
insulators.  The  author  has  repeated  the  greater  number  of  their 
experiments  and  found  them  correct.  This  remark  will  be  suf- 
ficient to  explain  certain  divergences  which  exhibit  themsel'-es 
between  their  results  and  those  of  ]Mr.  Fox,  as  also  the  complete 
coincidence  (if  we  except  the  sulphurets  of  bismuth  and  silver) 
of  his  results  and  those  of  the  English  physicist. 

There  are  two  aspects  of  the  subject,  the  study  of  which  would 
be  very  interesting,  namely,  the  relative  conductibilitics  of  non- 
insulating  minerals  of  the  same  dimensions' and  subjected  to  the 
same  conditions ;  and  the  variation  of  this  property  in  different 
directions  through  the  same  crystal.  Unhappily  difficulties 
almost  insurmountable  lie  in  the  way  of  such  an  examination. 
The  manner  of  contact  with  the  surfaces  at  tlie  entrance  or  the 
exit  of  the  current  can  augment  or  diminish  the  deviation  of 
the  rheometer  two  or  threefold.  The  author  has  made  numerous 
experiments  with  an  insulated  platinum  forceps,  between  which 
the  crystal  was  squeezed  by  means  of  a  vice.  But  the  fraction 
of  a  revolution  of  the  latter,  more  or  less,  caused  such  alterations 
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in  the  conductibility  that  no  satisfactory  result  couldbe  obtained*. 
The  author  tried  to  moisten  the  surfaces  of  the  platinum  with  a 
conducting  liquid,  and  in  some  cases  the  readings  were  by  this 
treatment  rendered  more  constant.  But  in  most  cases  he  only 
succeeded  in  polarizing  the  forceps,  or  in  developing  electro- 
chemical phjenomena  which  masked  the  result  sought  after. 

These  obstacles  became  still  more  numerous  in  examining  the 
variations  of  conductibility  in  the  same  mineral.  The  conducting 
substances  which  belong  to  other  systems  than  the  regular  are 
not  numerous.  The  crystals  to  be  obtained  are  nearly  always 
very  small,  and  their  texture  rarely  homogeneous.  The  natural 
faces  are  in  some  cases  covered  by  an  insulating  crust,  although 
of  a  fine  polish.  M.  Wartmann  has  found  some  crystals  perfect 
conductors,  and  others  of  the  same  appearance  which  arrested 
the  most  energetic  currents,  until  by  the  continued  friction  of  a 
very  hard  body  the  surface  was  abraded.  Some  very  beautiful 
crystals  of  oxide  of  tin  have  proved  themselves  conductors  along 
their  edges,  and  here  and  there  on  their  faces,  but  everywhere 
else  they  were  insulators.  Finally,  the  variable  adherence  of  the 
surfaces  of  cleavage  sometimes  modifies  the  conductibility  in 
the  most  capricious  manner.  These  difficulties  have  obliged 
MM.  Wiedemann  and  Senarmont  to  have  recourse  to  the  super- 
ficial distribution  of  machine  electricity,  and  to  determine  in  a 
manner  less  direct  the  sense  of  greater  or  less  conduction. 

The  experiments  which  M.  Wartmann  made  in  connexion  with 
this  point  were  executed  by  passing  a  current  simultaneously 
round  two  galvanometers  of  liuhmkorff.  The  crystal  was  clasped 
in  one  direction  between  the  jaws  of  a  forceps,  which  latter  was 
connected  with  one  of  the  galvanometers ;  in  the  perpendicular 
direction  it  was  clasped  between  a  second  pair  of  forceps  which 
were  connected  with  the  other  galvanometer.  Multiplied  experi- 
ments have  shown  that  manganite  (acerdese)  conducts  much  better 
parallel  to  the  axis  than  in  the  perpendicular  direction.  Plates  of 
sulphuret  of  molybdenum  from  Vallais  exhibited  the  opposite  de- 
portment, which  appears  to  the  author  to  be  sufficiently  pro- 
nounced in  certain  crystals  of  arscniate  of  iron  also. 

The  results  of  M.  Wartmann^s  investigation,  similar  in  many 
respects  to  those  of  MM.  Hausmann  and  Henrici,  are  as  follows: — 

1.  The  conducting  minerals  belong  to  five  primitive  crystalline 
types.  None  are  found  among  the  twelve  species  of  the  system 
represented  by  the  oblique  unsymmetrical  prism. 

2.  Minerals  present  all  intermediate  degrees  between  perfect 
conductibility  and  perfect  insulating  power. 

3.  Native  metals  and  their  alloys  are  conductors. 

*  Might  not  the  difficulty  be  combated  by  enclosing  the  crystal  between 
two  columns  of  mercury  which  should  press  uniformly  against  its  surfaces, 
and  from  which  wires  might  proceed  to  the  galvanometer? — Ed. 
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4.  Among  the  metallic  oxides  great  differences  of  conducti- 
bility  exist.  Those  which  arc  opake  and  endowed  with  lustre, 
are  in  general  better  conductors  than  the  others.  M.  Necker 
has  noticed  this  circumstance. 

5.  The  same  remark  applies  to  the  metalhc  sulphurets. 

6.  The  chlorides  are  in  part  conductors  and  in  part  insulators. 

7.  The  same  variety  exists  among  the  salts.  The  great  majo- 
rity of  them  are  insulators. 

8.  The  molecular  state  determines  the  conductibility  or  non- 
couductibility  of  the  same  substance.  Diamond  insulates,  gra- 
phite conducts  well, 

9.  Among  the  minerals  of  vegetable  origin,  the  more  perfect 
the  carbonization  the  better  the  conductibility. 

10.  Among  the  conducting  minerals  which  do  not  crystallize 
regularly,  some  present  differences  of  conductibility  when  the 
direction  of  the  current  through  the  mass  is  varied. 


Professor  Wartmann  has  recently  made  some  experiments  vnth 
the  electric  light*,  with  a  view  of  testing  its  applicability  as  a 
means  of  public  illumination.  To  render  the  light  constant,  an 
insti-ument  constructed  by  Duboscq  for  the  adjustment  of  the 
coal  points  was  made  use  of.  With  a  pile  of  50  couples  of 
Bunsen  he  obtained  a  light  intolerable  to  the  naked  eye ;  his 
assistant,  indeed,  by  incautiously  looking  at  the  hght,  had  his 
eyes  inflamed  to  such  a  degree  as  to  render  it  necessary  to  bathe 
them  several  times  with  warm  water  before  they  could  be  opened. 
In  the  first  experiment  the  flame  of  a  candle  and  that  of  a  jet  of 
gas  cast  very  distinct  shadows  ujjou  a  screen.  At  a  distance  of 
250  nietres  the  light  reflected  from  a  mirror  competed  success- 
fully with  that  of  a  jet  of  gas. 

A  second  experiment  was  made  under  conditions  still  more 
decisive.  In  this  experiment  the  descending  rain  and  the 
absence  of  houses  deprived  the  light  of  all  auxiliary  splendour. 
Nevertheless  on  concentrating  its  rays  on  a  slightly  divergent 
cone,  by  means  of  a  concave  glass  mirror  0-4  of  a  metre  in  dia- 
meter, it  was  found  that  the  light  was  equal  to  that  of  300  large 
gas-jets  at  least.  At  100  metres,  notwithstanding  the  rain,  it 
was  possible  to  read  distinctly.  The  expci-iment  was  made  before 
the  hydraulic  engine-house  in  Geneva,  and  from  the  higher 
windows  of  the  hotel  and  the  neighbouring  houses  the  persons 
taking  part  in  the  cx])crimcnt  could  be  recognized.  The  light 
was  cast  upon  the  fa9ades  of  the  quay,  and  its  reflexion  was 

♦  Note  sur  quclqncs  Exjicricuces  faitcs  avec  le  FLxatcwr  Elcctriquc, 
par  M.  le  Prof.  Elie  Warlmanu. — Bibliotheqtte  Universelle,  Aug.  1852. 
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seen  at  Bur  sin  siir  Rolle,  a  distance  of  16,000  metres.  In  public 
illumination,  liov.-ever,  on  account  of  the  turnings  of  streets  and 
lanes,  it  is  necessary  to  multiply  the  illuminating  points ;  and  it 
has  ever  been  an  objection  to  the  electric  light,  that  its  illumina- 
tion can  only  be  local.  The  Professor  has,  however,  assured 
himself  that  more  than  one  pair  of  coal-points  may  be  introduced 
into  the  self-same  circuit,  and  a  light  intolerable  to  the  eye 
obtained  at  each  place  of  interruption.  Possibly  by  an  extension 
of  this  principle,  and  the  introduction  of  suitable  commutators 
for  opening  and  closing  the  circuit,  the  light  may  be  made 
available  for  domestic  pui-poses.  Not  only  has  the  light  been 
found  sufficient  to  produce  a  portrait  on  a  Daguerreotype  plate, 
but  Prof.  Wartmann  has  proved  that  even  the  image  of  the  green 
portions  may  be  obtained. 

VI.  On  the  Optical  Figures  produced  by  the  Disintegrated  Sur- 
faces of  Crystals.  By  Sir  David  Brewster,  K.H.,  D.C.L., 
F.R.S* 

[With  Five  Plates.] 

THERE  is  no  branch  of  natural  science  about  which  we 
know  so  little  as  that  which  relates  to  the  structure  of 
crystalline  bodies.  By  assuming  the  form  of  an  integrant  mole- 
cule, crystallographers  have  found  no  difficulty  in  building  those 
geometrical  solids  which  minerals  and  artificial  crystals  present 
to  our  observation.  They  conceive  that  these  molecules  unite  by 
their  homologous  sides  in  the  formation  of  the  primitive  crystal, 
and  by  supposing  that  they  arrange  themselves  in  plates  on  the 
faces  of  that  crystal,  each  plate  successively  diminishing  in  size 
by  the  abstraction  of  a  certain  number  of  these  molecules  in  lines 
of  a  given  direction, — all  the  secondary  forms  of  the  crystal  may 
be  easily  deduced. 

In  place  of  employing,  as  Hauy  has  done,  integrant  molecules 
having  the  form  of  a  tetrahedron,  a  triangular  prism,  and  a 
parallelopiped,  others  have  suggested  the  more  philosophical 
idea  of  constructing  crystals  out  of  spheroidal  elements,  including, 
of  course,  the  sphere  by  which  the  oblate  passes  into  the  prolate 
solid.  But  in  whatever  way  crystallographers  shall  succeed  in 
accounting  for  the  various  secondary  forms  of  crystals,  they  are 
then  only  on  the  threshold  of  their  subject.  The  real  constitu- 
tion of  crystals  would  be  still  imknown ;  and  though  the  exami- 
nation of  these  bodies  has  been  pretty  diligently  pm-sued,  we  can 
at  this  moment  form  no  adequate  idea  of  the  complex  and  beau- 
tiful organization  of  these  apparently  simple  structures.  The 
double  refraction  and  pyro-electricity  of  crystals  related  to  cer- 

*  From  the  Transactions  of  the  Royal  Society  of  Edinhurgh,  vol.  xiv. 
p.  1 ;  having  been  read  Februaiy  C,  1837. 
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tain  fixed  points  of  their  primitive  forms  ;  and  the  phecnomcna  of 
circular  polarization  in  quartz  and  amethyst,  connected  with  the 
plagiedral  faces  of  the  crj^stal,  indicate  remarkable  peculiarities 
of  structure ;  and  I  have  had  occasion  to  show  that  all  the  pro- 
perties comprehended  under  double  refraction  and  polarization 
do  not  exist  in  the  ultimate  molecules  of  the  body,  but  are  wholly 
the  result  of  those  forces  by  which  these  molecules  arc  combined. 
Structures  still  more  complicated  have  been  discovered  by  the 
analysis  of  polarized  light;  and  in  the  complex  formations  of 
Apojjhyllite  and  Analcime,  we  witness  the  operation  of  laws 
resembling  more  those  which  regulate  the  structures  of  animal 
life  than  those  which  had  pre\  iously  been  observed  in  crystalline 
formations. 

The  doubly  refracting  structure  of  crystals,  or  to  use  the  lan- 
guage of  the  undulatoiy  theory,  the  law  according  to  which  this 
structure  permits  the  lether  to  be  distributed  in  their  interior, 
relative  to  one  or  more  axes,  becomes  the  index  as  well  as  the 
measure  of  certain  changes  of  structure  which  in  some  cases 
arise  during  the  process  of  crystallization.  When  the  atoms 
ap])roach  each  other  in  a  pure  and  undisturbed  solution,  the 
crystal  which  they  form  will  be  a  correct  type  of  the  species ; 
but  if  the  solution  has  been  exposed  to  agitation, — if  its  electrical 
condition  has  been  changed, — if  foreign  matter,  crystallized  or 
uncrystallized,  opake  or  transparent,  coloiu'ed  or  vnicoloured, 
amorphous  or  isomorphous  with  the  crystal ; — if  any  such  matter 
has  been  introduced  into  the  solution,  we  may  expect  a  crystal 
deviating  from  the  type  of  perfect  crystallization,  in  transparency, 
or  colour,  or  density,  or  hardness,  or  refractive  power,  or  in 
doidjly  refracting  and  polarizing  structure.  A  very  remarkable 
example  of  such  changes  I  discovered  long  ago  in  CJiabasie. 
Vfhcu.  the  crystal  had  begun  to  form,  it  possessed  the  structure 
of  the  perfect  mineral,  but  the  force  oi  positive  doiible  refraction 
of  each  successive  layer  began  to  diminish  till  it  wholly  disap- 
peared. The  changes,  however,  did  not  stop  here ;  a  negative 
doubly  refracting  structure  commenced  at  the  neutral  line,  and 
gradually  increased  till  the  crystal  was  completed.  This  singular 
effect  I  ascribed  to  the  introduction  of  foreign  matter  between 
the  integrant  molecules  of  cliabasie,  which  weakened  their  force 
of  aggregation,  and  consecpiently  the  double  refraction  produced 
by  the  mutual  compression  which  arises  from  that  force.  By 
pursuing  the  same  idea,  I  have  been  recently  led  to  discover  the 
cause  of  the  beautiful  but  perplexing  phjenomena  of  dichroism, 
and  I  hope  to  be  able  to  lay  before  the  Society  an  artificial  com- 
bination in  which  the  actual  ])hrenomena  are  rejiroduced. 

Having  thus  briefly  adverted  to  the  present  state  of  our  know- 
ledge of  the  interior  constitution  of  crystals,  I  shall  now  proceed 
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to  the  proper  subject  of  this  paper,  which  is  to  describe  the 
optical  figures  produced  by  the  disintegrated  surfaces  of  minerals 
and  artificial  crystals.  The  disintegration  by  which  these  figures 
are  developed,  is  produced  by  three  causes : — 

I.  By  the  natural  action  of  solvents  on  the  mineral,  either  at 
the  time  of  its  formation  or  at  some  subsequent  period  in  the 
bowels  of  the  earth. 

II.  By  the  action  of  acids  and  other  solvents  upon  the  surfaces 
of  perfect  crystals ;  and, 

III.  By  mechanical  abrasion. 

I.  The  first  examples  of  Natural  disintegration  which  I  met 
with  were  in  Brazil  Topaz.  In  a  great  number  of  these  topazes 
I  observed  cavities  filled  with  a  white  pulverulent  substance, 
which  Berzelius,  who  analysed  it  at  my  request,  found  to  be  a 
sort  of  marl,  consisting  of  silex,  alumina,  lime,  and  water,  and 
which,  as  he  remarks,  would  have  formed  a  zeolite  had  it  been 
ciystallized.  Upon  examining  the  sides  of  the  cavities  which 
contained  this  substance,  I  found  that  they  were  rough  and  irre- 
gular, as  if  the)'^  had  been  disintegrated  by  a  solvent ;  and  I 
observed  the  very  same  efiect  on  the  flat  summits  and  pyramidal 
faces,  but  never  on  the  faces  of  the  prism.  As  it  was  impracti- 
cable to  apply  the  goniometer  to  the  mensuration  of  the  angles 
of  the  minute  facets  which  the  microscope  rendered  \dsible  on 
these  disintegrated  surfaces,  I  thought  of  obtaining  a  general 
idea  of  their  position  by  examining  the  manner  in  which  they 
arranged  the  reflected  images  of  a  luminous  point  placed  at  a 
distance.  Upon  making  this  experiment,  I  was  surprised  to  see 
a  beautiful  optical  figure,  consisting  of  the  most  elegant  curves 
of  contrary  flexure,  studded  with  tufts  of  light,  and  arranged 
with  the  most  perfect  sjTnmetry  round  the  central  image  of  the 
luminous  point  which  is  formed  by  those  portions  of  the  summit 
of  the  crystal  which  had  escaped  from  the  action  of  the  solvent. 
This  remarkable  arrangement  of  the  reflected  light  is  shown  in 
Plate  I.  fig.  1,  where  it  consists  of  three  curves  of  contrary  flex- 
ure of  the  general  fonn  of  lemniscates,  having  at  the  extremities 
of  their  greater  axis  two  semicircular  tufts  of  light,  and  at  the 
extremities  of  their  lesser  axis  two  triangular  tufts  of  light. 
Thesefigures  undergo  considerable  changes  on  different  specimens, 
depending,  as  will  aftei-wards  be  seen,  either  on  the  time  during 
which  the  solvent  has  acted  upon  it,  or  upon  its  dissolving  power: — 
but  they  never  deviate  from  the  general  type ;  and  in  the  most 
imperfect  and  rough  specimens,  of  which  I  have  examined  more 
than  a  hundi'ed,  it  is  easy  to  recognise  the  elements  of  the  per- 
fect figure.  One  of  these  variations  in  the  figure  is  shown  in 
fig.  2,  where  the  light  of  the  inner  curve  is  diffused  over  a  nebu- 
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lous  figure  with  a  crescent  at  each  end,  and  an  eUiptical  space  in 
the  centre,  from  which  the  image  of  the  candle  or  luminous 
point  has  wholly  disappeared.  Hence  it  appears  that  the  whole 
of  the  original  surface  of  the  flat  summit  of  the  crystal  has  been 
removed  by  the  action  of  the  solvent,  an  effect  which  may  be 
imitated,  as  we  shall  presently  see,  in  artificial  crystals.  The 
nebulous  expansion  of  which  we  have  been  treating  has  some- 
times rectilineal  branches  at  its  extremities,  and  is  sometimes 
filled  up  in  the  middle,  where  the  image  of  the  candle  is  distinctly 
seen.  In  other  specimens,  this  nebulous  portion  is  the  only  part 
that  is  visible.  The  angular  magnitude  of  the  figure  varies 
greatly  in  difierent  specimens,  and  also  its  distinctness  and  con- 
tinuity. "When  the  elementaiy  facets  are  large,  the  outline  of 
the  figure  is  marked  by  separate  images  of  the  candle;  and  when 
these  facets  are  very  small,  the  luminous  tracery  is  soft  and 
nebulous,  and  sometimes  shading  ofi"  into  colom-ed  tints,  like  the 
fringes  produced  by  the  interference  of  common  or  polarized  light. 
The  optical  figures  produced  by  the  faces  of  the  pyramid  are 
less  distinct  and  beautiful,  but  not  less  remarkable,  than  those 
which  we  have  been  describing.  Upon  faces  inclined  about  145° 
to  the  summit  plane,  and  which  seem  to  be  those  marked  s  by 
Hauy*,  the  strange  figure  shown  at  A,  fig.  3,  is  seen ;  on  the 
adjoining  face  the  same  figure  reversed  is  seen  as  shoAATi  at  B ; 
on  the  next  face  is  seen  the  figure  C,  the  same  as  A ;  and  on  the 
next  face  again  the  figure  D,  the  same  as  B.  I  have  observed 
other  figures  on  faces  difierently  inclined  to  the  axis,  but  they 
are  not  of  sufficient  distinctness  to  merit  delineation. 

Optical  figures  analogous  to  those  seen  in  topaz  may  be 
observed  in  various  other  minerals,  but  it  is  veiy  difficult  to  find 
specimens  that  ha^ c  undergone  disintegration  on  their  surfaces. 
On  the  cubical  faces  of  a  specimen  of  White  Fluor-spar  from 
Shaionce  town,  Illinois,  U.S.,  sent  to  me  by  Professor  Silliman, 
I  have  observed  a  figure  consisting  of  four  radiations,  inclined 
90°  to  each  other,  and  having  the  bright  central  image  entirely 
obliterated.  On  the  octohedral  surfaces  of  the  common  fluor- 
spar, the  figure  consists  of  three  radiations,  inclined  120°  to  each 
other  f. 

In  a  crj'stal  of  Hornblende,  the  four  summit  planes  at  each  end 
of  the  prism  give  the  figure  of  a  small  luminous  circle,  as  shown 
in  fig.  4,  the  central  image  being  wholly  obliterated.  On  the 
faces  of  the  prism,  which  are  not  those  of  cleavage,  the  figure  is 
a  kiminous  rhomboid,  as  shown  in  fig.  5,  with  a  nebulous  image 
at  each  angle,  and  one  in  the  centre,  the  shorter  axis  of  the 
rhomboid  coinciding  with  the  axis  of  the  prism.     In  some  speci- 

*  Plate  44,  fig.  1,  &c.,  first  edition. 

t  These  three  radiations  are  «&,  ac,  be  in  fig.  12.  See  foot-note  ou  p.  28. 
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mens  the  luminous  lines  uniting  the  four  images  at  the  angles 
are  not  developed. 

In  a  specimen  of  Axinite,  I  observed  the  remarkable  geome- 
trical figure  shown  in  fig.  6.  It  consisted  of  two  images  a,  h, 
joined  by  a  line  of  light,  and  each  of  them  sending  out,  in  oppo- 
site but  parallel  directions,  luminous  rectilineal  branches  ac,  hd. 
The  line  ah  is  perpendicular  to  the  edges  of  the  prism,  and  ac, 
hd  parallel  to  the  sides  of  the  reflecting  face.  On  the  opposite 
side  of  the  prism  the  figure  is  reversed. 

On  the  faces  of  the  primitive  cube  of  Boracite,  the  optical 
figure  seen  by  reflexion  is  a  rectangular  luminous  cross,  with  a 
central  image,  the  radiations  being  perpendicular  to  the  edges  of 
the  square  faces.  Muriate  of  soda  that  had  begun  to  deliquesce 
in  a  humid  atmosphere  exhibits  the  same  figure. 

The  faces  of  the  octohedrou  of  oxidulated  iron  gives  six  lumi- 
nous radii,  inclined  60°  to  each  other ;  but  each  alternate  image 
is  stronger  than  the  one  adjacent  to  it. 

On  the  rhomboidal  faces  of  the  dodecahedron,  Gff?-we^  gives  an 
optical  figure  like  a  St.  Andrew's  cross,  the  line  bisecting  the 
arms  of  the  cross  being  perpendicular  to  the  longer  diagonal  of 
the  rhomboidal  face. 

The  natural  faces  of  a  fine  octohedral  Diamond  ^■a.ve  three  lumi- 
nous radiations,  inclined  120°  to  each  other ;  and  the  same  figure 
was  exhibited  by  the  faces  of  a  rough  pyramid  of  Amethyst,  and 
by  some  of  the  cleavage  planes  of  Oligist  Iron-ore. 

As  minerals  with  disintegrated  surfaces  are  not  to  be  found  in 
mineralogical  cabinets,  owing  to  their  being  in  general  bad  spe- 
cimens, I  have  not  been  able  to  pursue  this  branch  of  the  subject 
any  further;  but  I  have  no  doubt  that,  if  I  had  such  a  copious 
supply  of  other  minerals  as  I  had  of  topaz,  I  should  be  able  to 
find  among  them  specimens  of  equal  interest. 

II.  We  come  now  to  the  second  and  the  principal  branch  of 
the  subject, — to  describe  the  optical  figures  produced  by  the 
action  of  water,  acids,  and  other  solvents,  upon  the  surfaces  of 
perfect  ciystals,  both  natural  and  artificial. 

The  crystals  which  I  have  found  to  be  best  adapted  for  exhi- 
biting the  action  of  solvents  in  producing  optical  figures  by 
reflexion,  are  Alum,  Fluor-spar,  and  Calcareous  Spar. 

If  we  take  a  fine  crystal  of  Alum,  and  look  at  the  image  of  a 
candle  reflected  as  perpendicularly  as  possible  from  one  of  the 
faces  of  the  octohedrou,  it  will  appear  perfectly  distinct,  and 
A\'ithout  any  luminous  appendages.  If  we  now  immerse  it  for 
an  instant  in  water,  and  dry  it  quickly  vdih  a  soft  cloth,  the 
reflected  image  will  send  out  three  luminous  radiations,  as  shown 
in  fig.  7.     By.  a  second  immersion  in  the  water,  three  small 
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images  of  the  candle  will  be  developed  at  1,  2, 3;  and  by  a  little 
further  action  of  the  solvent,  these  images  connect  themselves 
with  the  central  image  S,  by  the  radial  lines  IS,  2S,  3S,  inclined 
110°  to  each  other,  and  30°  to  the  principal  radiations  from  S. 
By  continuing  the  action,  other  three  images  start  up  at  4,  5, 6, 
but  apparently  without  any  radial  connexion  with  S.  The 
principal  radiations  «S,  AS,  cS  begin  at  this  period  to  grow  faint 
between  4  and  1,  5  and  2,  and  6  and  3.  Another  immersion  of 
the  crystal  developes  the  images  7,  8,  9 ;  and  by  continuing  the 
action,  the  images  1,  2,  3  become  the  brightest,  and  the  branches 
A,  13,  C  become  more  like  images  at  m,  n,  o.  The  central  image 
S  has  now  transferred  almost  all  its  light  to  the  new  images, 
and  another  immersion  will  make  it  disappear  altogether,  leaving 
the  central  part  of  the  figure  perfectly  dark,  as  in  fig.  8. 

It  is  now  obvions,  that  by  repeated  actions  of  the  solvent  we 
have  removed  the  whole  of  the  original  surface  of  the  crystal  by 
which  the  central  image  S  was  formed,  and  have  replaced  it  by 
a  great  number  of  facets,  which  reflect,  in  consequence  of  their 
various  inclinations,  the  different  portions  of  the  geometrical 
image  shown  in  fig.  8.  If  we  carry  the  process  of  solution 
further,  the  figure  will  undergo  successive  changes,  becoming 
larger  and  more  discontinuous  in  its  outline. 

The  beauty  and  regular  development  of  these  phenomena 
depend  in  some  measure  on  the  perfection  of  the  original  surface 
of  the  crystal,  and  greatly  on  the  uniform  temperature  of  the 
water,  and  the  shortness  of  the  period  during  which  the  crystal 
is  immersed  in  it.  The  successive  development  of  the  figure 
may  be  pretty  well  seen  npon  an  artificial  surface  of  the  octo- 
hedron  of  alum,  provided  it  is  nearly  parallel  to  the  original 
surface.  AVhcn  the  inclination  of  the  artificial  face  is  consider- 
able, the  optical  figure  loses  its  symmetry,  and  gradually  passes 
into  other  figures  produced  by  the  other  faces  of  the  crystal 
towards  which  the  artificial  face  is  inclined. 

On  some  occasions  I  have  found  the  principal  radiations  united 
by  a  beautiful  nebulous  web  of  a  triangidar  form  (as  shown  in 
fig.  9). 

All  the  figures  above  described  may  be  seen  by  I'eflexion  from 
the  smallest  portion  of  the  face  of  the  octohedron,  and  they  are 
often  more  beautiful  on  one  part  than  another.  The  principal 
radiations  are  shown  in  the  figures  as  if  they  were  seen  from  the 
centre  of  the  triangidar  face,  in  which  case  they  point  to  the 
angles;  but  in  all  other  cases,  the  radiations  are  pei-pendicular 
to  the  opposite  sides  of  the  triangle. 

If  we  expose  any  of  the  six  square  faces  perpendicular  to  the 
three  axes  of  the  octohedron  to  the  action  of  water  in  the  manner 
already  described,  and  examine  the  oi)tical  figure  which  it  pro- 
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duces  by  reflexion,  we  shall  see  four  rectangular  radiations,  as 
in  iig.  10,  each  radiation  being  perpendicular  to  a  side  of  the 
square,  and  consequently  passing  into  one  of  the  three  radiations 
formed  by  each  face  of  the  primitive  octohedron.  By  successive 
actions,  these  four  radiations  become  shorter  towards  the  central 
image,  which  gradually  grows  fainter  and  sometimes  disappears. 

If  the  same  experiment  is  made  with  the  twelve  faces  formed 
on  the  twelve  edges  of  the  octohedron,  we  shall  obtain  a  figui-e 
with  tiuo  radiations,  forming  an  oval  line  with  the  image  of  the 
candle  in  the  middle  of  it.  This  image  becomes  gradually  nebu- 
lous and  finally  disappears,  leaving  a  kind  of  elongated  oval 
nebula,  with  a  dark  oval  centre,  as  shown  in  fig.  11,  where  the 
line  AB  is  perpendicular  to  the  replaced  edge,  and  parallel  to  an 
axis  of  the  octohedron.  The  two  radiations  A,  B  obviously  pass 
into  one  of  the  three  radiations  given  by  the  adjacent  faces  of 
the  octohedron ;  and  if  we  were  to  cut  a  great  number  of  arti- 
ficial faces  variously  inclined  from  that  which  gives  the  two  radia- 
tions in  fig.  11,  to  that  which  gives  the /owr  in  fig.  10,  we  should 
observe  fig.  11  gradually  passing  into  fig.  7,  and  acquiring  a 
third  radiation,  and  fig.  7  passing  into  fig.  10,  and  acquiring  a 
fom'th  radiation. 

From  the  phsenomena  exhibited  by  alum  I  proceed  to  those 
produced  by  fluor-spar,  a  mineral  having  the  same  primitive  form 
and  cleavage.  Having  immersed  one  of  the  faces  of  the  octo- 
hedron for  a  few  days  in  sulphuric  acid,  I  obtained  by  reflexion 
the  beautiful  figure  sho\\Ta  in  fig.  12*.  The  three  principal 
radiations.  A,  B,  C,  with  the  luminous  triangular  centre,  are 
first  developed,  and  by  continuing  the  action  of  the  acid,  six 
new  images  are  produced  at  e,  /,  (/,  h,  and  i,  k,  connected  by 
lines  of  light  with  the  other  part  of  the  figure.  A  continuance 
of  the  action  developes  six  luminous  curves  proceeding  from  the 
images  ef,  gh,  ik,  as  in  fig.  13,  having  each  a  new  image  within 
their  concavity.  Three  insulated  images  appear  also  at  /,  ?n,  n, 
distant  120°  from  each  other,  and  60°  from  the  principal  radia- 
tions. 

When  the  faces  of  the  cube  formed  by  planes  replacing  the 
angles  of  the  octohedron  are  acted  upon  by  the  acid,  the  beautiful 
figure  shown  in  fig.  14  is  produced,  the  half-moons  at  the  four 
angles  being  more  distinctly  brought  out  in  some  cases  than  in 
others. 

The  mutual  connexion  of  these  figures  will  be  seen  in  fig.  ]  5, 
where  the  triangles  represent  the  faces  of  the  octohedral  pyramid 
unfolded  as  it  were,  and  the  quadrangular  figui'e  the  square  base 
of  the  pyramid. 

Among  the  variations  of  figure  produced  by  the  strength  of 
*  See  notes  on  pp.  VJ  and  28. 
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the  acid,  or  the  duration  of  its  action,  one  of  the  most  interesting 
is  the  one  represented  in  fig.  16,  where  the  three  principal  radia- 
tions are  inclosed  in  a  luminous  equilateral  triangle,  having  a 
bright  image  at  each  of  its  angular  points.  If  we  grind  and 
polish  the  opposite  surface  of  the  octohedron,  so  as  to  have  a 
parallel  plate,  we  shall  see  fig.  16  much  more  brilliantly  by 
transmitted  light*.  If  we  now  expose  this  second  sm'face  to 
the  action  of  the  acid,  we  shall  see  the  optical  figure  shown  in 
fig.  17,  which  is  fig.  16  inverted.  The  cause  of  this  inversion 
is,  that  this  second  face  is  parallel  to  a  face  in  the  opposite 
pyramid  of  the  octohedron,  whose  apex  lies  in  an  opposite  direc- 
tion to  that  of  the  face  which  gives  fig.  16.  If  we  now  look 
through,  the  two  faces  that  have  been  acted  upon  by  the  acid,  we 
shall  sec  the  beautiful  luminous  figure  shown  in  fig.  18,  each 
image  produced  by  the  one  surface  being  converted  into  an 
optical  figui'e  by  the  second.  When  the  figure  produced  by  the 
first  surface  of  the  plate  of  spar  has  its  simplest  form  of  three 
radiations,  the  multiplied  figure  seen  by  transmission  contains 
only  the  twelve  bright  images  and  the  central  image  of  fig.  18 ; 
but  when  it  exhibits  the  more  compound  form  of  fig.  12  or  13, 
the  transmitted  figure  becomes  exceedingly  complex.  It  is 
obvious  that  the  figui-e  shown  in  fig.  14  vnXl  not  be  altered  by 
transmission  through  two  surfaces.  Its  brilliancy,  however,  and 
distinctness  will  be  increased. 

In  some  specimens  I  have  observed  three  beautiful  luminous 
arches,  mn,  mo,  no,  as  shown  in  tig.  12. 

Upon  the  face  of  a  cube  of  fluor-spar,  which  had  been  ground 
and  smoothed,  but  not  polished,  before  it  was  acted  upon  by 
dilute  muriatic  acid,  I  observed  the  appearance  in  fig.  19.  The 
original  image  had  entirely  disappeared  from  the  centre  of  the 
rounded  square  of  light,  and  the  interior  of  the  square  was  filled 
up  with  a  faint  nebulous  light  of  uniform  intensity.  The  eiyht 
round  images  were  equidistant  and  equally  bright,  and  the  peri- 
meter of  the  square  was  brightest  at  its  angles  and  the  middle 
points,  of  its  sides. 

After  the  specimen  had  been  exposed  for  some  time  to  the 
action  of  boiling  muriatic  acid,  the  face  which  had  given  fig.  19 
now  exhibited  the  remarkable  pha?nomena  shown  in  fig.  20. 
The  nebulosity  had  almost  disappeared  from  the  interior  of  the 
square,  and  collected,  as  it  were,  in  its  centre.  The  brightest 
})arts  of  the  figure  were  the  curved  masses  at  the  angles,  the 
middle  parts  of  the  sides  of  the  figure  being  exceedingly  faint. 

From  the  tessular  I  proceeded  to  the  rhumbohedrul  system  of 
crystallization,  and  I  employed  calcareous  spar  and  sulphate  of 
potash  in  the  inquiry. 

*  This  is  the  case  with  all  the  optical  figures  previously  described. 


24-       Sir  David  Brewster  on  the  Optical  Figures  produced  by 

Having  immersed  a  rhomb  of  calcareous  spar  in  dilute  nitric 
acid,  four  ])arts  of  water  being  added  to  one  of  aeidj  I  observed 
the  reflected  figure  from  all  the  faces  of  the  rhombohcdron  to 
have  the  form  shown  in  fig.  21.  The  obtuse  angle  of  the  crystal 
was  in  the  direction  CE,  and  the  angle  ACB  was  greater  than 
120^.  As  the  obtuse  angle  of  the  opposite  face  has  an  opposite 
direction^  the  figure  which  it  gives  by  reflexion  is  the  inverse  of 
flg.  21 ;  so  that,  by  looking  through  the  parallel  faces,  we  obtain 
a  flgurc  with  six  luminous  radiations.  By  varying  the  strength 
of  the  acid,  the  time  of  its  action,  and  taking  the  surfaces  of 
different  crystals,  the  figure  undergoes  remarkable  changes  ;  but 
though  two  individual  figures  often  occur  between  which  no 
similarity  exists,  yet,  by  observing  the  transitions  of  a  con- 
siderable number,  vvc  may  trace  the  family  likeness  through 
them  all. 

The  thin  web  of  light  AEB,  BD,  and  DA,  appear  at  an  early 
stage  of  the  action,  but  it  is  often  wanting  between  A  and  B ; 
and  by  continuing  the  action,  a  radiation  often  appears  at  F, 
sometimes  united,  and  sometimes  not,  with  the  centre  C.  The 
radiation  CD  sometimes  expands  suddenly  below  C  into  a  diver- 
ging brush  of  light,  and  in  other  cases  it  is  often  wholly  wanting, 
as  well  as  the  triangular  luminous  centre  C.  In  this  case  wc 
have  only  two  luminous  brushes.  A,  B,  with  a  small  central 
image  at  C,  A  and  B  being  sometimes  joined  by  bright  light, 
and  sometimes  by  a  small  ai'ch  of  nebulous  light,  the  centre  of 
which  was  at  C. 

On  the  faces  of  three  different  crystals,  a  figure  with  five 
radiations,  diverging  at  unequal  angles,  was  produced.  Two  of 
these  were  the  radiations  A,  B,  the  third  was  the  brush  developed 
at  E,  and  the  fourth  and  fifth  were  formed  by  the  division  of  CD 
into  two  branches.  Sometimes  the  whole  of  the  central  part  of 
this  five-rayed  figure  was  wanting,  leaving  the  expanded  part  of 
the  radiation  in  the  circumference  of  a  sort  of  oval  ring,  which 
was  sometimes  luminous  throughout,  but  studded  with  the  five 
brushes  of  stronger  light. 

When  the  solvent  was  pretty  strong  muriatic  acid  and  water, 
the  figures  have  often  a  great  similarity  to  those  already  described ; 
but  in  some  eases  they  have  the  form  of  luminous  shields  of  a 
triangular  form,  as  shown  in  fig.  22.  The  place  of  the  central 
image  is  at  C ;  the  brightest  part  of  the  figure  is  at  E,  with  a 
reddish  margin,  and  the  next  brightest  at  A  and  B.  In  other 
crystals  the  lights  A,  B,  E  were  connected  with  C  by  the  radia- 
tions ;  and  in  one  case,  where  a  weaker  acid  was  used,  E  was 
elevated  further  above  C,  and  a  horizontal  band  of  light  passed 
below  C  to  the  sides  AD,  BD. 

When  strong  vinegar  was  used  as  the  solvent,  I  obtained  the 
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figure  shown  in  PL  IV.  fig.  23,  the  letters  having  the  same  indi- 
cations as  in  the  preceding  figures. 

I  now  proceeded  to  apply  the  solvents  to  the  summit  planes 
of  the  prism.  My  first  experiment  was  made  on  an  artificial 
face  peii^endicular  to  the  axis.  By  the  action  of  vinegar  it  gave 
the  figure  shown  in  fig.  24,  which  consists  of  three  radiations, 
inclined  120°  to  each  other,  having  its  centre  sometimes  dark, 
and  sometimes  occupied  with  a  small  image.  The  rudiments  of 
other  three  radiations,  inclined  60°  to  the  former,  are  distinctly 
visible ;  and  beside  a  luminous  circle  circumscribing  the  whole, 
there  are  three  non-concentric  circular  arches,  similar  to  those 
seen  in  fluor-spar. 

The  very  same  figure,  with  the  exception  of  the  circle  and  the 
circular  arches,  was  obtained  from  the  action  of  dilute  muriatic 
acid  on  the  natural  faces  of  the  chaux  carhonatee  basee  of  Hauy. 

Having  ground  and  repolished  the  artificial  summit  which 
exhibited  fig.  24,  I  exposed  it  to  the  action  of  dilute  muriatic 
acid,  when  1  was  surprised  to  see  it  produce  the  strange  figure 
shown  in  fig.  25.  Although  the  symmetry  of  the  figure  is  hos- 
tile to  the  idea  that  its  shape  might  have  been  partly  the  efiect 
of  accident,  yet  I  found  it  unaltered  by  repolishing,  and  again 
disintegrating  the  surface,  and  what  is  still  more  decisive,  I 
obtained  the  very  same  efiect  twice  from  another  crystal  of  cal- 
careous spar*. 

By  placing  the  crystal  which  gave  this  remarkable  figure  in  a 
stronger  acid  solution,  it  gave  on  both  its  faces  the  figure  in 
fig.  26,  the  light  of  which  is  strongest  in  the  circular  arches. 
By  continuing  the  action  of  the  same  acid,  the  three  inclosed 
radiations  disappear  entirely,  and  Avhat  is  still  more  singular, 
they  reappeared  by  a  further  continuance  of  the  action.  The 
action  being  prolonged  they  again  disappeared,  the  circular 
arches  grew  wider  and  more  confused,  till  they  filled  up  the  space 
which  they  at  first  inclosed. 

Another  crystal  of  spar  exhibited  the  very  same  series  of  suc- 
cessive changes  which  I  have  now  described. 

I  now  reground  and  polished  the  faces  of  both  these  speci- 
mens. When  they  were  plunged  into  strong  dilute  acid,  their 
disintegrated  surfaces  produced  no  figure ;  but  by  increasing  the 
strength  of  the  solution,  the  figures  were  developed  as  formerly. 

In  order  to  observe  the  effect  produced  upon  faces  that  were 
not  coincident  citlier  with  the  primary  or  secondary  faces  of  the 
crystals,  I  ground  down  on(;  of  the  acute  solid  angles,  and 
replaced  it  by  a  plane  inclined  71°  to  a  face  of  the  rhomb,  the 
common  section  being  parallel  to  the  long  diagonal  of  this  last 
face.     After  being  immersed  in  dilute  nitric  acid,  it  gave  the 

*  The  brightest  part  of  the  figure  was  ab,  the  part  above  a  being  faint. 
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strange  branching  figure  shown  in  fig.  27,  where  abc  forms  the 
brightest  portion.  I  obtained  the  same  figure  with  another 
crj^stal,  but  the  parts  xy  were  wanting,  and  b  and  c  were  con- 
tinued through  a  to  vi  and  11.  The  side  a  was  directed  to  the 
obtuse  angle  of  the  rhomb.  With  another  crystal,  in  which  the 
artificial  face  was  iucliued  10  i°  instead  of  71°,  the  figure  shown 
in  PI.  V.  fig.  28  was  produced. 

My  next  experiments  were  made  with  sulphate  of  potash,  a 
crystal  which  belongs  to  the  rhombohedral  system.  By  the 
slightest  action  of  water  upon  the  fiat  summit  of  a  hexagonal 
prism  it  produced  six  luminous  images,  symmetrically  arranged 
round  the  central  image,  each  image  being  opposite  a  side  of  the 
hexagon.  All  these  images  were  connected  with  the  central 
image  by  a  halo  of  fainter  light.  The  faces  of  the  hexagonal 
prism  produce  the  figure  shown  in  fig.  29,  the  line  AB  being 
coincident  with  the  axis  of  the  prism.  By  continuing  the  action, 
the  branches  C,  D  vanished,  and  the  figure  appeared  as  in  fig.  30, 
the  images  being  connected  with  a  haze  of  light. 

A  more  remarkable  effect  was  produced  with  the  faces  of  the 
truncated  pyramid.  Three  of  the  six  faces  produced  the  effect 
shown  in  fig.  31,  while  the  other  three  alternate  faces  produced 
the  same  figures,  but  without  the  wings  E,  E.  Sometimes  two 
images  are  seen  below  B. 

My  attention  was  now  directed  to  the  system  of  crystallization 
in  which  the  base  of  the  primitive  crystal  is  a  square.  Having 
immersed  a  fine  crystal  of  Faroe  apophylUte  in  dilute  nitric  acid, 
the  summits  of  the  prism  were  alone  acted  upon.  They  produced 
a  figure  with /oi/r  rectangular  radiations  directed  to  the  angles 
of  the  summit,  and  four  much  shorter  ones  pointing  to  the  sides 
of  the  square  summit.  The  four  large  rays  appeared  first  con- 
nected with  a  luminous  web,  and  the  four  small  ones  were  sub- 
sequently developed. 

The  very  same  figure,  but  with  some  modifications,  was  pro- 
duced by  the  action  of  water  upon  the  summit  of  the  square 
prism  of  sulphate  of  potash  and  copper.  The  small  radiations 
were  produced  last,  as  in  apophyllite ;  but  what  is  remarkable, 
they  are  directed  to  the  angles,  and  not  to  the  sides  of  the  square 
face.  The  extreme  solubility  of  this  salt  renders  it  difiicult  to 
develope  the  figure  distinctly. 

From  another  crystal  of  the  same  class,  superacetate  of  copper 
and  lime,  I  obtained  the  beautiful  figure  shown  in  fig.  32,  where 
the  eight  radiations  are  of  equal  length,  and  the  images  at  their 
extremities  connected  by  beautiful  curves  of  light  concave 
outwards. 

I  have  made  a  great  number  of  experiments  with  crystals 
belonging  to  the  prismatic  system,  such  as  sulphate  of  magnesia, 
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borax,  tartrate  of  potash  and  soda,  sulphate  of  iron,  and  sulphate 
of  copper;  but  though  I  have  dehneated  manj-  of  the  figures 
which  they  produce,  and  though  some  of  them  have  considerable 
interest,  I  am  not  able  to  present  the  details  in  the  form  which 
I  could  wish.  I  expected  to  have  been  able  to  obtain  interesting 
and  definite  results  by  subjecting  the  faces  of  a  large  class  of 
minerals  to  the  action  of  fluoric  acid ;  but,  in  so  far  as  my  expe- 
riments went,  I  was  disappointed.  Dr.  Fyfe,  many  years  ago, 
exposed  several  crystals  of  quartz  and  amethyst,  which  I  sent 
him  for  this  purpose,  to  the  action  of  fluoric  acid,  but  the  disin- 
tegration of  the  surfaces  was  such  that  they  would  not  reflect 
any  light  at  all.  I  have  no  doubt,  however,  that  by  weakening 
the  action  and  carrying  it  on  very  slowly  the  desii-ed  efiect  will 
be  produced. 

During  the  preceding  experiments  I  was  led  to  observe,  that 
diflferent  solvents  had  a  tendency  to  produce  different  figui-es, 
and  I  confirmed  the  truth  of  the  observation  by  many  experi- 
ments. When  muriatic  acid,  for  example,  acts  upon  alum,  it 
produces  a  figure  with  six  radiations,  not  unlike  those  of  sulphate 
of  potash,  and  by  continuing  the  action,  the  central  image 
vanishes.  If  in  this  state  we  immerse  it  in  water,  three  of  the 
radiations  vanish,  and  it  assumes  the  usual  form.  AMien  again 
immersed  in  mui'iatic  acid,  the  six  images  reappear.  Diluted 
nitric  acid  has  the  same  effect  as  mm-iatic  acid ;  but  diluted  sul- 
phuric acid  gives  such  a  form  to  the  radiations,  that  theii*  extre- 
mities are  included  within  an  equilateral  triangle,  the  larger 
radiations  pointing  to  the  three  angles,  and  the  shorter  ones  to 
the  three  sides. 

Diluted  alcohol,  though  it  acts  feebly  upon  alum,  produces  a 
figure  different  from  water  and  the  acids.  It  gives  a  figure  with 
three  short  radiations ;  and,  by  further  dilution,  the  figure 
undergoes  changes  which  give  it  a  greater  resemblance  to  the 
aqueous  figure. 

In  order  to  retard  or  diminish  the  action  of  solvents  upon 
highly  soluble  crystals,  I  conceived  the  idea  of  immersing  them 
in  solutions  of  the  ciystal  of  different  degrees  of  strength.  In 
making  this  experiment  on  alum,  I  took  a  crystal  which  gave 
the  figure  shown  in  fig.  8,  and  having  immersed  it  in  a  saturated 
solution  of  alum  for  a  single  instant,  I  found  that  it  had,  as  it 
were,  seized  the  particles  of  alum  in  the  solution,  and  replaced 
them  in  their  proper  position  on  the  disintegrated  face.  By 
subsequent  immersion  the  face  repassed  through  all  the  stages 
at  which  it  produced  the  pha?nomena  shown  in  fig.  7,  and  finally 
became  perfect,  reflecting  a  single  image  of  the  candle.  The 
singular  fact  in  this  experiment  is,  the  inconceivable  rapidity  with 
ivhich  the  particles  in  the  solution  Jly  into  their  proper  places  upon 
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the  disintegrated  surface,  and  become  a  permanent  portion  of  the 
solid  crystal. 

In  repeating  and  varjdug  these  experiments^  I  observed  a 
number  of  cm-ious  facts^  which  it  would  be  out  of  place  here  to 
describe.  I  immersed  crystals  of  alum  in  saturated  solutions  of 
nitre  and  other  salts^  and  observed  many  remarkable  changes 
upon  the  figures  which  they  produced.  The  changes  take  place 
principally  upon  the  central  parts  of  the  figure,  as  shown  in 
fig.  33,  which  represents  one  of  the  forms  which  a  solution  of 
nitre  gave  to  the  figure  produced  by  alum ;  but  in  other  cases 
the  whole  figm-e  sufi"ers  a  change.  A  crystal  of  sulphate  of 
potash,  which  gave  the  hcxangular  radiations  already  described, 
jiroduced  the  same  figure,  with  twice  the  angular  magnitude, 
when  dipped  for  a  few  seconds  in  a  saturated  solution  of  nitre. 

In  consequence  of  having  observed  that  the  natural  cleavage 
planes  of  crystals  gave  indications  of  regular  optical  figures, 
similar  to  those  produced  by  solution,  I  was  led  to  make  some 
experiments  on  the  effects  of  mechanical  abrasion,  as  produced 
by  coarse  sandstone*,  or  by  the  action  of  a  rasp  or  large-toothed 
file.  Surfaces  thus  torn  up  produced,  in  a  rude  manner,  the 
optical  figure  given  by  solution ;  but  what  was  very  remarkable, 
the  figure  had  a  different  position,  or  had  the  position  ivhich  solu- 
tion would  have  developed  on  the  opposite  face.  This  is  also  true 
of  the  figures  produced  by  natural  cleavage  planes,  in  which  the 
separating  surfaces  have  been  slightly  torn  up. 

It  is  scarcely  necessary  to  observe,  that  the  power  of  producing 
the  optical  figures  described  in  this  paper  may  be  communicated 
to  wax  or  isinglass,  &c.  The  impressions  on  isinglass  enable  us 
to  see  the  figure  by  transmitted  light,  and  to  observe  its  form 
and  dimensions  with  greater  accuracy. 

AUerlv,  Febmarv  1,  1837. 


VII.   On  the  Colours  of  a  Jet  of  Steam  and  of  the  Atmosphere. 
By  Reuben  Phillips,  Esq. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 

I  WAS  not  aware  of  the  existence  of  the  papers  referred  to 
by  M.  Clausius  until  I  saw  his  letter  in  the  last  Number  of 
the  Magazine.  Not  having  access  to  the  foreign  Journals,  I  am 
unable  to  compare,  or  perhaps  to  correct,  the  following  by  what 
M.  Clausius  has  written. 

*  In  fig.  12  the  triangle  ahc  is  brought  out  by  grinding  onacoai'se  hone 
an  oetohedral  surface  of  fluor-spar  similarly  situated  to  one  on  the  natiual 
face. 
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My  reasons  for  concluding  that  clouds  consist  of  minute  drops, 
are  as  follows.  Prof.  Henry's  experiments  demonstrate  that  the 
film  of  a  soap-bubble  contracts  on  tlic  included  air  with  great 
foi'ce  considering  the  thinness  of  the  film*.  Now  the  amount 
of  condensation  to  which  the  enclosed  air  is  subjected  by  the 
film  is  inversely  as  the  diameter  of  the  sphere,  that  is,  if  the 
thinness  of  the  film  is  always  the  same.  Supposing  a  little 
bubble  to  be  formed  in  the  air,  like  one  of  those  imagined  to 
form  cloud,  then,  from  the  very  small  diameter  of  such  a  vesicle, 
the  included  air  would  be  strongly  condensed,  perhaps  to  the 
extent  of  two  or  three  atmospheres  or  more.  Oxygenand  nitrogen 
being  soluble  in  water,  and  the  solubility  of  gaseous  matter  in 
water  increasing  rapidly  with  the  pressure,  it  follows  that  the 
particles  of  water  will  take  up  air  at  the  interior  surface  of  the 
film ;  and  on  these  particles  diffusing  themselves,  and  so  arriving 
at  the  outer  surface  of  the  film,  they  will  liberate  a  quantity  of 
air  corresponding  to  the  diminished  pressm'c.  So  that  from  this 
species  of  exosmose  alone,  the  bubble  would  soon  become  a 
homogeneous  drop.  I  conclude,  therefore,  that  vesicles  so  small 
as  the  particles  which  form  clouds  cannot  long  exist,  if  ever  they 
are  formed.  With  regard  to  the  ease  with  which  water  takes  up 
air  under  a  high  pressure,  I  may  mention,  that  if  water  be 
shaken  for  a  few  minutes  with  air  condensed  to  the  extent  of 
about  SLX  atmospheres,  then  on  allowing  the  water  to  escape  into 
the  air  by  a  quiet  stream,  and  receiving  it  into  a  glass  vessel,  a 
considerable  effeiwescence  can  be  perceived. 

Dr.  Waller  could  find  no  evidence  of  vesicular  structure  by  the 
aid  of  the  microscopef- 

I  think  the  sky  has  an  important  action  in  producing  the 
morning  and  evening  red.  Now  the  highest  clouds  arc  evidently 
situated  below  the  region  of  the  sky ;  and  the  blue  colour  of  the 
sky  deepens  to  an  observer  ascending  a  mountain.  From  this  I 
conclude  that  the  firmament  consists  of  a  distinct  and  veiy  distant 
orb  of  the  atmosphere,  containing  a  great  number  of  particles  of 
water  so  small  as  to  give  a  blue  of  the  first  order  by  reflexion. 
When  the  sun  is  near  the  horizon,  its  rays  traverse  a  much 
greater  thickness  of  this  orb  than  at  other  times,  and  consequently 
the  direct  light  of  the  sun  becomes  sensibly  reddened  by  inter- 
ference on  transmission  through  the  sky.  The  orb  of  the  sky 
can,  I  think,  hardly  be  regarded  as  being  in  a  state  of  rest  with 
respect  to  the  earth,  for  it  may  be  moved,  and  perhaps  heaped 
up  at  times  by  winds;  the  sky  may  also  be  subject  to  tidal,  and 
other  motions  caused  by  the  expansions  and  contractions  of  a 
variable  temperature,  by  which  motions  the  cui'vature  of  the 

*  Phil.  Mag.  vol.  xxvi.  p.  541. 

t  Ibid.  vol.  xxviii.  p.  5)9,  and  vol.  xsix.  p.  103. 
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firmament  over  some  spots  of  the  earth's  surface  may  be  changed^ 
which  would  cause  the  rays  of  the  sun  at  those  places  to  traverse 
a  greater  or  less  length  of  the  lirmament.  I  hold^  that  if  these 
motions  are  sufficiently  extensive,  they  must  produce  sensible 
alterations  in  the  intensity  of  the  morning  and  evening  red. 

With  regard  to  the  action  of  clouds  and  mists  in  the  lower 
regions  of  the  atmosphere  iu  producing  the  morning  and  evening 
red,  I  follow  Professor  Forbes  and  M.  Clausius.  I  look  upon 
the  clouds  as  white,  or  nearly  white  reflectors,  which  only  ap- 
pear coloured  in  consequence  of  red  light  falling  on  them,  or 
from  being  seen  through  a  coloured  mist.  I  cannot,  however, 
come  to  a  conclusion  as  to  whether  the  usual  sombre  colours  of 
the  clouds  are  generally  produced  in  the  clouds  themselves  or 
in  the  clearer  air  ;  neither  can  I  see  any  reason  why,  in  accormt- 
ing  for  the  colours  of  the  clouds,  we  must  restrict  ourselves  to 
the  consideration  of  those  particles  only  which  produce  the  first 
blue  and  red. 

I  am,  Gentlemen, 

Yom*  most  obedient  Servant, 

7  Prospect  Place,  BaU's  Pond  Road,  Keuben  Phillips, 

December  11,  1852. 

VIII.   On  Copper  Smelting.     By  James  Napier,  F.C.S.^ 
[Continued  from  vol.  iv.  p.  465.] 

WHEN  the  ore  is  sufficiently  calcined,  it  is  let  down  from 
the  hearth  into  the  cubs  or  vaults  beneath  by  openings 
in  the  floor ;  water  is  added  to  the  hot  ore  in  the  cubs  until  the 
whole  is  completely  di-enched;  during  the  addition  of  the  water 
much  sulphuretted  hydrogen  is  given  ofi".  The  ore  is  then 
removed  from  the  cubs  to  a  j^ard,  and  theic  stored  up  until 
removed  to  the  fusing-furnace.  The  oldest  portion  calcined  is 
taken  fii-st,  it  being  of  considerable  importance  that  the  ore  should 
lie  for  some  time  in  the  moist  state  after  the  calcining  operation, 
in  order  that  the  metals  present  may  become  partially  oxidized. 
It  is  found  that  a  few  days'  exposure  in  this  way  not  only  facili- 
tates the  fusing,  but  produces  a  richer  mat  than  if  the  ore  were 
fused  directly  from  the  calciner. 

An  ore-fusing  furnace  is  fitted  up  with  a  hopper  upon  the 
roof,  into  which  the  workman  puts  the  charge  of  calcined  ore, 
while  the  fusion  of  a  preceding  charge  is  going  on.  The  ore  is 
weighed  out  to  the  workman  in  hundredweights,  and  carried  to 
the  hoppers  in  boxes.  The  charge  for  an  ordinary-sized  fusing- 
furnace  ranges — 

*  Commimicated  by  the  Author,  who  reserves  to  himself  the  copjiight, 
any  infringement  whereof  will  invoke  legal  proceediugs. — Eds. 
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From  25  to  30  cwt.  of  calcined  ore. 

From  7  to  9  cwt.  of  sharp  slag  from  more  advanced  operations. 

From  2  to  3  cwt.  of  cobbing. 

If  the  ore  is  knowTi  to  be  stiff,  a  box  of  lime  or  fluor-spar  is 
added;  but  if  flux  can  be  avoided,  it  is  better. 

"NATien  the  charge  is  let  dowm  into  the  furnace,  it  is  spread 
equably  over  the  bottom,  and  the  doors  all  closed,  stopping  every 
air-hole  with  clay,  and  the  heat  of  the  furnace  increased  as 
rapidly  as  possible.  In  the  chimney  immediately  above  and 
opposite  the  reverberator  is  a  small  hole,  through  which  the 
workman  looks  and  ascertains  the  condition  of  his  heat.  A 
similar  hole  in  the  door-plate  looking  into  the  hearth  enables 
him  to  judge  of  the  state  and  condition  of  the  charge.  This 
mode  of  ascertaining  the  state  of  the  furnace  requires  some 
experience ;  but  it  is  of  great  practical  value,  as  it  prevents  the 
necessity  of  opening  doors  by  which  the  furnace  would  become 
cooled. 

After  about  five  hours'  firing,  when  the  furnace  has  reached  a 
white  heat  and  all  appearances  are  favourable,  the  door-plate  is 
removed  and  a  long  iron  rake  passed  through  the  fused  contents 
to  make  sure  that  the  whole  is  perfectly  fused.  This  being  the 
case,  the  workman  begins  the  operation  of  skimming,  that  is, 
drawing  off  the  scori?e  or  slag,  which  from  its  less  specific  gravity 
floats  on  the  surface  of  the  mat,  which  is  effected  by  means  of  a 
long  rake,  the  scorise  being.  dra\\Ti  out  at  the  front  door.  This 
operation  requires  considerable  experience  and  care  in  drawing 
the  rake  along  the  surface  of  the  metal,  so  as  not  to  take  out 
any  of  the  metal  with  the  slag.  "When  the  fui-nace  is  skimmed, 
the  common  practice  is  to  let  down  a  second  charge  of  ore,  fuse 
and  skim  in  the  same  manner  before  tapping  the  furnace  to  let 
out  the  metal.  The  tap  is  in  the  side  of  the  furnace,  and  is  an 
aperture  the  size  of  a  brick,  extending  from  the  surface  of  the 
sand  bottom  of  the  furnace  upwards.  It  is  filled  up  with  a  mix- 
ture of  clay  and  sand.  AVhen  the  furnace  is  tapped,  an  opening 
is  made  a  little  above  the  charge,  and  then  cut  down  until  a 
small  gutter  is  formed  for  the  metal,  which  in  flowing  over  cuts 
deeper,  making  its  own  way  to  the  bottom  of  the  apertui'e,  and 
so  emptying  the  furnace. 

Generally  the  mat  or  coarse  metal  from  the  ore-furnace  is 
tapped  into  a  large  pit  of  water  which  granulates  it.  These  pits 
are  from  6  to  8  feet  deep,  and  from  4  to  5  feet  square,  into 
which  a  perforated  box  is  lowered  which  receives  the  charge  of 
metal,  and  which  is  raised  by  a  crane  or  pulley,  and  the  metal 
removed  to  a  yard  for  the  next  operation.  This  mat  is  termed 
granulated  coarse  metal. 

Whatever  modifications   or   improvements   may   have    been 
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adopted  and  practised  by  any  of  the  smelters,  up  to  the  stage  of 
coarse  metal  they  are  all  the  same ;  all  modifications  generally 
begin  at  the  coarse  metal.  Before  referring  to  any  of  these 
modifications,  we  will  first  inquire  into  the  changes  which  have 
taken  place  in  the  operation  described ;  and  that  these  changes 
may  be  the  better  understood,  we  will  take  a  small  charge  of  the 
average  quality  and  follow  out  the  actual  results  of  practice. 
25  cwt.  of  calcined  ore,  containing  in  100  parts, — 

Copper 12-5 

Iron 28-5 

Sulphur       ....  16-0 

Silica 39-0 

Oxygen,  &c.     ...       6 

1000 

5  cwt.  of  sharp  slag  from  more  advanced  operations,  com- 
posed of — 

Oxide  of  iron  ...  53 
Oxide  of  copper  ...  2 
Silica ^ 

lOO" 

2  cwt.  of  cobbing,  composed  mostly  of  old  bottoms,  contain- 
ing— 

Silica 75 

Oxide  of  iron  ...  15 
Oxide  of  copper  ...     10 

loo 

These  on  being  fused  together  yielded  about  9^  cwt.  of  coarse 
metal  and  18  cwt.  of  slag,  there  being  always  a  loss  upon  the 
weight  put  in,  owing  to  the  volatilization  of  sulphur,  water,  &c. 
The  composition  of  the  coarse  metal  was — 

Copper 31*4 

Sulphur  ....  27-3 
Iron 41-3 

100-0 

That  of  the  slag,  including  the  silica  in  pieces  that  were  mixed, 
was — 

Silica 71 

Protoxide  of  iron  .  .  27 
Lime,  &c 2 

loo 

These  results  correspond  closely  to  the  principles  laid  down  in 
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the  former  articles.  The  coarse  metal  obtained  by  this  fusion 
varies  considerably  in  quantity  and  also  in  composition,  depend- 
ing upon  the  length  of  calcination,  the  quantity  of  iron  and  sul- 
phur remaining,  the  heat  of  the  furnace,  &c.  It  is  also  liable 
to  be  affected  by  the  flux  when  any  is  used.  If  that  be  fluor- 
spar or  lime,  the  coarse  metal  will  be  enriched ;  but  if  oxide  of 
iron,  which  nevertheless  is  a  preferable  flux,  the  coarse  metal 
will  not  be  so  rich  in  copper,  a  portion  of  the  oxide  of  iron  being 
reduced  to  the  state  of  sulphuret.  The  qualities  of  oxide  of  iron 
used  are  the  rich  slags  from  iron  cupola  furnaces,  and  the  scale  and 
pickling  dust  obtained  from  the  iron  plates  in  tin-plate  works, 
their  composition  being  as  under : — 

Slag.       Pickle  dust. 

Silica 25         ^4-0 

Pi'otoxidc  of  iron  ...     75  95 '5 

Carbonaceous  matters     ....  "5 


Rolling  scale. 

6-4 

93-6 


100  100-0  100-0 

The  following  table  of  analyses  of  a  few  kinds  of  coarse  metal 
will  show  its  variable  character : — 


Copper. 

Sulphur. 

Iron. 

Coarse  metal  from  fusing  ores  iif^t  cal-1 
cined,  using  iron  flux  J 

170 

300 

530 

Metal  from  similar  ores  calcined   

270 
27-0 

325 
31-6 

30-5 
40-6 

Coarse  metal  from  ordinary  operations... 

do.                    do. 

211 

33-2 

45-5 

do.                    do. 

39-5 

36-4 

25  0 

do.                    do. 

29-5 

32-8 

38-9 

do.                    do. 

27-6 

32-8 

35-3 

do.                    do. 

31-5 

27-6 

350 

Most  of  these  contained  small  portions  of  other  metals,  mid 
silica,  which  are  not  given.  From  the  varying  character  of  the 
mat,  it  is  impossible  to  reduce  its  composition  to  any  chemical 
formula ;  we  think,  however,  that  the  copper  and  sul])hur,  after 
fusion,  always  exist  as  a  subsuljflmrct ;  and  the  inconstancy  in 
the  composition  of  the  coarse  metal  is  in  the  relations  of  the 
sulphur  and  iron  ranging  from  a  bisulphuret  to  a  protosulphuret, 
or  more  probably  mixtures  of  these. 

M.  Le  Play  gives  as  the  composition  of  the  coarse  metal, — 


Copper  .     .     .     , 

Iron        .     .     .     . 

Sulphur 

Other  metals,  &c. 


33-7 

33-6 

29-2 

31 

99-6 


and  deduces  from  this  the  formula  SCu^SFc^S^-flFcS,  which 
Phil.  Mag.  S.  4.  Vol.  5.  No.  29.  Jan.  1853.  D 
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we  think  very  probable ;  altliougli  from  the  above  table,  and 
from  many  other  analyses  of  coarse  metal,  almost  every  charge 
■would  require  a  different  formula. 

The  slags  skimmed  from  the  charge  are  removed  to  an  open 
yard,  and  when  cool  are  broken  up  into  small  pieces  and  examined 
by  the  eye  for  small  shots  of  metal  which  may  have  been  drawn 
out  by  the  rake,  and  which  are  laid  aside  to  be  returned  to  the 
fusing-furnace.  The  average  quantity  so  returned  from  one 
charge  is  about  2  cwt.,  even  with  the  most  careful  workman  and 
best  fused  charges.  The  examination  of  the  slags  is  generally 
the  work  of  old  men,  which  from  long  practice  they  do  with 
astonishing  accuracy ;  nevertheless  there  are  often  slags  with  a 
small  quantity  of  copper  chemically  diffused  through  the  mass 
which  cannot  be  detected  by  the  eye,  but  which  may  be  easily 
and  quickly  tested  by  the  methods  described  under  assaying, 
namel}-,  taking  a  few  test -bottles  of  equal  size,  containing  each 
^,  \,,  ^,  |,  and  1  grain  of  copper  dissolved  and  converted  into 
ammoniuret.  A  sample  of  the  slag  is  ground  fine,  and  100 
grains  digested  at  a  boiling  heat  in  nitromuriatic  acid  for  about 
15  minutes;  a  little  vvater  is  added,  and  then  ammonia  in  excess, 
after  which  the  solution  is  filtered  into  a  bottle  of  similar  dimen- 
sions with  the  others  and  the  colours  compared.  Should  it  be 
the  same  as  the  one  containing  \  grain  of  copper,  then  the  slag 
has  \  per  cent.,  and  so  with  the  others.  The  careful  testing  of 
the  slags  in  this  way,  apart  from  the  picking  out  of  the  shots, 
becomes  an  important  guide  to  the  whole  management  of  the 
works.  Imperfect  fusion,  whether  caused  by  bad  coal,  bad  fur- 
nace, or  bad  workmen,  never  gives  a  perfect  slag ;  and  that  small 
causes  often  produce  great  and  important  results,  we  may  illus- 
trate by  the  following  circumstance.  In  a  work  where  the 
maximum  quantity  of  copper  in  the  slag  allowed  to  be  cast  away 
was  :p  of  a  per  cent.,  two  furnaces  v>'orking  alongside  each  other 
at  the  same  rate  produced  what  was  practically  termed  clpan 
slag ;  but  the  one  contained  seldom  less  than  \  per  cent.,  the 
other  seldom  above  ^  per  cent.  They  fused  40  tons  per  week, 
producing  each  about  25  tons  slag,  being  a  weekly  loss  in  copper 
in  the  one  furnace  over  the  other  of  neai'ly  j€3,  equal  to  the 
wages  of  two  first  class  men.  The  cause  of  the  difference  in  this 
instance  was  in  the  furnace,  an  imperfection  in  the  draught, 
which  would  not  have  been  observed  but  for  testing  the  slags. 

Clean  slag  is  and  ought  to  be  a  primaiy  object  to  the  smelter ; 
but  it  often  happens  that  a  desire  to  increase  the  make  of  copper 
induces  a  heavy  charge  being  put  into  the  furnace,  or  the  build- 
ing of  larger  furnaces,  which  in  all  the  instances  we  have  seen 
where  the  slags  were  tried  strictly  by  testing,  proved  of  little  or 
no  benefit.     There  is  a  maxinuim  size  of  furnace  and  charge 
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which  cannot  be  increased  without  affecting  the  slag,  and  the 
length  oi"  time  required  for  fusing.  What  ought  to  constitute  the 
proper  size  of  charge,  or  furnace,  or  length  of  time,  it  would  be 
difficult  to  fix  as  a  rule ;  but  the  following  results,  coming  under 
our  own  observation,  may  give  a  better  idea  of  the  principles  we 
are  here  stating. 

1st.  The  fui'nace  hearth  measured  ll^  by  8  feet,  had  25  cwt. 
calcined  ore,  7  cwt.  of  slag  and  cobbing  asthe  charge,  and  delivered 
5  charges  in  the  24  hours,  equal  to  6  tons  ore  per  day.  The 
foul  slag,  with  shots  in  it  to  be  returned,  averaged  2^  cwt.  each 
charge.  The  clean  slag  contained  fully  §ths  per  cent,  copper. 
The  mistake  in  these  operations  was  allovring  too  little  time ; 
for  fusing  each  charge  it  could  not  exceed  4  hours.  Average  of 
coal  consumed  per  week  20  tons. 

2nd.  A  furnace  12  x  8|  feet  inside  measure,  charged  with 
31  cwt.  of  ore  and  9  cwt.  of  slag  and  cobbing,  delivered  4 
charges  in  the  24  hours,  equal  to  G  tons  ore  per  day,  each  charge 
taking  about  5|  hours  time.  The  foul  slags  with  shots  averaged 
2  cwt.  per  charge;  the  clean  slags  contained  under  ^  per  cent, 
copper.     Coals  consumed  weekly  21  tons. 

3rd.  Furnace  measured  13|  by  8^  feet  inside,  charged  with 
36  cwt.  of  ore  and  9  ewt.  of  slag  and  cobbing,  4  charges  in  24 
hours,  equal  to  7  tons  of  ore  per  day.  Average  foul  slags  with 
shots  3  cwt.  per  charge ;  the  clean  slags  contained  ^  per  cent. 
Average  coal  consumed  weekly  23  tons. 

One  furnace  of  the  ordinary  size,  working  four  weeks,  fusing 
each  charge  31  cwt.  ore  and  9  cwt.  of  slag  and  cobbing,  gave  as 
an  avei'age  1^  cwt.  foul  slag  each  charge,  and  slags  thrown 
away  containing  '28  per  cent,  copper.  The  same  furnace  working 
other  four  weeks,  but  fusing  each  day  36  cwt.  of  ore  and  9  cwt. 
of  foul  slag,  gave  an  average  of  3  ^  tons  foul  slags  each  charge, 
and  the  slags  thrown  away  had  "38  per  cent,  copper.  Here  were 
two  evils ;  more  foul  slag  to  be  refused,  and  more  copper  cast 
away  :  the  extra  coal  for  the  month  was  5  tons.  The  loss  here 
is  about  £7,  the  gain  is  28  tons  more  ore  fused,  costing  os.  per 
ton,  besides  the  drawback  of  the  furnace  being  more  liable  to 
get  out  of  repair. 

These  few  examples  will  suffice  to  illustrate  the  principles  of 
management.  A  great  number  might  be  enumerated  where  the 
apparent  gain  on  one  point  was  accompanied  by  losses  on  some 
other.  We  have  seen  ore-fusing  furnaces  measuring  19^  x  11|, 
with  a  charge,  including  slag  and  cobbing,  of  90  cwt.,  and 
fusing  four  of  these  in  21  hours  ;  but  the  quantity  of  slags  to  be 
returned  was  so  great,  that  the  furnace,  to  fuse  its  own  foul  slags, 
which  a  furnace  should,  could  only  take  in  one-half  the  charge 
of  ore,  and  consumed  ujnvards  of  30  tons  of  coal  per  week. 

D2 
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In  some  of  the  smelting-works  certain  modifications  of  the 
process  described  for  the  coarse  metal  are  adopted.  Instead  of 
tapping  the  mat  into  a  pit  of  water,  it  is  let  out  into  sand-beds, 
and  when  cool  broken  up  and  removed  to  another  furnace,  and 
fused  along  -ndth  the  scorise  or  slag  from  the  roasting  furnace, 
containing  about  from  8  to  10  per  cent,  of  copper.  This  en- 
riches the  coarse  metal,  and  produces  a  mat  termed  occasionally 
white  metal,  of  an  average  composition  of — 

Copper 40 

Iron 30 

Sulphui-     .....  28 

Silica 2 

100 

This  metal  is  tapped  into  a  pit  of  water  in  the  same  way  as 
the  coarse  metal,  and  laid  aside  for  calcination.  This  operation 
of  fusing,  added  to  an  additional  two  or  three  hours  of  extra 
calcination  of  the  granulated  metal,  saves  an  operation  in  a  more 
advanced  stage  of  the  process.  The  oeconomy  of  this  modifica- 
tion is  not  so  apparent  as  to  cause  its  general  adoption,  although 
it  would  require  no  alteration  of  furnace.  The  advantages  it  is 
said  to  possess  are  greatly  neutralized  by  disadvantages  attending 
some  of  the  after  operations,  which  will  be  better  judged  of  when 
these  are  described. 

Another  modification  which  we  have  had  considerable  expe- 
rience in  caiTving  out  is  the  following.  The  coarse  metal  is 
tapped  into  sand-beds,  broken  up,  and  removed  to  another  fur- 
nace of  an  extra  large  size,  as  it  requires  but  a  low  heat  to  fuse. 
About  4  tons  of  the  coarse  metal  are  fused  in  this  furnace,  with 
4  cwt.  of  salt  cake  (sulphate  of  soda),  and  2  cwt.  of  coal.  TVTien 
in  perfect  fusion  the  whole  is  well  stirred  with  an  iron  rabble, 
and  the  furnace  immediately  afterwards  tapped  into  sand-moulds ; 
as  soon  as  the  metal  sets  (becomes  solid),  and  while  red-hot,  the 
pigs  or  ingots  are  thrown  into  a  tank  of  water,  which  is  caused 
to  boil  by  the  heat  of  the  metal ;  at  the  same  time  the  metal 
falls  into  an  impalpable  powder,  similar  to  slaking  lime.  The 
soda  salt,  which  is  reduced  or  decomposed  in  the  fusion,  dissolves 
in  the  water,  forming  a  strong  alkaline  ley,  and  the  powder  is 
thus  boiled  in  a  caustic  alkali,  by  which  means  all  impurities 
capable  of  being  dissolved  in  hot  alkaline  leys  are  separated  from 
the  metal,  such  as  oxides  and  sulphurets  of  tin,  antimony,  and 
arsenic.  After  the  boiling  has  ceased  for  some  time,  the  alkaline 
solution  is  let  ofi"  and  run  into  the  horizontal  culverts  leading 
from  the  calcining  and  fusing-furnaces,  where  the  water  is  eva- 
porated, and  a  part  of  the  soda  recovered  with  any  copper  that 
may  have  been  carried  over,  the  water  also  assisting  the  conden- 
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sation  of  the  fumes  from  these  furnaces.     A  sample  of  this  dried 
stuff  from  a  culvert  we  have  found  to  be  composed  of — 

Silica 20-4 

Alumina      ....  11'5 

Lime 2-8 

Peroxide  of  iron    .     .       8*0 

Oxide  of  copper  .  .  1 0*3 
Oxide  of  antimony  .  7 '7 
Oxide  of  tin     ...       1-0 

Arsenic '8 

Sulphuric  acid       .     .  21*5 

Soda 8-7 

Water 6-8 

"99^ 

The  powder  left  in  the  tanks  is  washed  by  allowing  clean 
water  to  pass  through  it  for  a  time,  it  is  then  removed  into  a 
heap  ready  to  be  calcined. 

The  reactions  taking  place  during  these  operations,  we  think, 
are  as  follows : — The  sulphate  of  soda  is  reduced  by  the  coal  to 
the  caustic  state,  some  of  it  probably  to  the  metallic  condition. 
Two  samples  of  different  qualities  taken  before  being  put  into  the 
tank  of  water  gave — 

Copper 32-3  28-6 

Iron 31-8  38-7 

Sulphur 26-7  26-5 

Silica 1*5  '5 

Antimony,  &c '9  '7 

Carbonaceous  matter   ....  '4  "6 

Sulphate  and  caustic  soda,  and  loss  6*4  4*4 

100-0  100-0 

^Vhen  a  piece  of  this  coarse  metal,  after  being  fused  with  soda 
and  cooled,  is  immersed  in  water,  there  is  a  rapid  absorption  of 
water  with  evolution  of  heat,  and  diffusion  of  a  smell  of  sulphide 
of  hydrogen,  while  the  mass  falls  into  powder.  Immediately 
after  this  absorption,  and  before  disintegrating,  the  piece  of 
coarse  metal  when  broken  has  a  brown  colour,  which,  when  seen 
through  a  lens,  is  found  to  be  caused  by  a  reduction  of  the  copper 
either  to  the  state  of  metal  or  suboxide,  probably  from  the  presence 
of  sodium,  which  decomposes  the  water,  becoming  converted  into 
soda,  while  the  hydrogen  reduces  the  subsulphuret  of  copper. 
The  powder  soon  turns  black  by  exposure,  and  now  contains 
oxide  of  copper  and  oxide  of  iron  along  with  the  sulphurets. 
The  soda  in  the  alkaline  water  in  the  tanks  is  in  the  caustic  state, 
with  a  little  undccomposcd  sulphate,   and  contains  antimony 
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and  tin  in  solution  if  any  of  these  metals  were  present  in  the 
ore. 

The  sulphate  of  soda  used  in  tlie  above  process  should  be  of 
the  best  sort ;  that  obtained  in  the  niamifacture  of  nitric  acid 
from  nitrate  of  soda  is  better  than  that  jjrocured  from  common 
salt  in  making-  soda  ash.  The  former  contains  on  an  average 
about  99  per  cent,  of  sulphate,  while  the  latter  does  not  contain 
more  than  70  per  cent.,  the  remainder  being  common  salt,  the 
presence  of  which  is  deleterious. 

The  slag  obtained  from  the  fusion  of  the  ores  is  an  important 
consideration  in  a  smelting  establishment :  by  referring  to  the 
average  composition  of  the  ore,  in  connexion  with  the  fact  that 
all  the  iron  and  silica  goes  to  form  slag,  it  will  be  seen  that 
upwards  of  one-half  of  the  weight  of  the  ores  remains  in  the 
form  of  refuse ;  so  that  a  small  work,  producing  30  tons  metallic 
copper  weekly,  will  yield  not  less  than  120  tons  of  slag  in  that 
time,  being  7000  tons  annually ;  an  important  item,  and  costing 
a  considerable  sum  to  put  out  of  the  way. 

Many  plans  have  been  suggested  for  applying  these  slags  to 
usefvil  purposes,  but  few  of  them  have  been  acted  upon.  They 
are  extensively  used  in  the  neighbourhood  of  Swansea  for  repair- 
ing roads ;  an  application  not  the  most  suitable,  as  they  produce 
uncomfortable  dark  roads  at  night,  from  the  almost  entire  absence 
of  reflected  light. 

Propositions  have  been  made  to  use  the  scoria  for  building 
materials,  which,  however,  requires  two  conditions :  first,  the 
moulding  it  into  a  shape  suitable  for  building  purposes ;  and 
secondly,  annealing :  being  a  kind  of  glass,  unless  annealed 
it  is  brittle.  To  mould  the  slag  as  it  is  skimmed,  prevents  its 
examination  for  copper  and  induces  carelessness  in  skimming ; 
risking  a  loss  of  copper,  which  is  so  much  more  impoi'tant  than 
a  common  building  article  :  the  moulding  of  the  slags  is  there- 
fore seldom  practised.  We  have  seen  an  old  slag  wall,  three  feet 
high,  having  in  it  copper  sufficient  to  give  the  wall  a  value  of  20s. 
a  lineal  yard  for  the  copper  alone. 

Whatever  proposition  is  made  for  using  the  slags,  it  should 
not  interfere  or  have  any  connexion  with  the  smelting  opera- 
tions, or  the  thorough  examination  of  the  slags  for  copper. 

From  the  fact  that  the  slags  contain  on  an  average  30  per 
cent,  of  iron,  it  has  been  suggested,  and  trials  have  been  made, 
to  manufacture  iron  from  it.  The  great  quantity  of  silica  pre- 
sent, and  the  necessity  of  adding  flux  sufficient  to  combine  with 
it  before  the  iron  can  be  obtained,  is  a  commercial  drawback  to 
any  such  scheme;  and  even  were  this  not  the  case,  the  iron 
obtained  from  the  slags  is  very  impure  and  generally  contains 
other  metals,  and  always  copper.     A  sample  of  iron  made  from 
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slags  that  were  rich  in  oxide  of  iron  gave  by  analysis — 

Iron        92-0 

Copper 2-4 

Sulphur       ....  1-8 

Insoluble  matter   .     .  1'4 

Nickel -3 

Manganese       .     .     .  trace 

Carbonaceous  matters  1"3 

99^ 

The  slag  obtained  while  making  this  iron  was  not  exhausted  of 
oxide  of  iron,  although  three  equivalents  of  lime  for  the  silica 
present  were  added  as  flux.  Such  iron  is  well-suited  for  the 
precipitation  of  copper  from  solutions,  as  described  in  a  former 
article,  and  might  be  worth  the  attention  of  those  who  adopt 
such  processes. 

On  the  surface  of  slag  we  have  occasionally  met  with  a  sili- 
ceous froth  of  a  gray-white  colour,  and  very  light,  owing  to  its 
porosity ;  its  composition  was  found  by  analysis  to  be — 

Sihca 96-31 

Oxide  of  iron       .     .       1'67 

Lime '55 

Magnesia        .     .     .          "52 

Alumina    ....         '45 

9'970 

In  the  black  glassy  slags  we  occasionally  meet  with  large 
pieces  of  a  gray  porous  character  resembling  pumice,  with  an 
appearance  as  if  other  substances  had  filtered  out,  leaving  a  ske- 
leton of  silica,  heavier,  more  tenacious,  and  harder  than  the 
froth  referred  to  above.     Its  composition  was — 

Silica 97"5 

Oxide  of  iron   ...  1*0 

Sulphur      ....  -8 

Lime '7 

100^ 
[To  be  continued.] 

IX.  On  the  Valuation  of  Life  Contingencies  by  means  of  Tables 
of  Single  and  Joint  Lives.  By  Charles  James  Hargreave, 
Esq.,  LL.D.,  F.R.S.^ 

LET  a  I,  a^  •  .  fl«  be  the  reciprocals  of  the  roots  of  the  expression 
1— SjO-'  +  SoX'^—  .  .  +s„_i.r"~'  +  5„ir",  which  call  <^.r.    Wc 
have  then  <l)X={l—ayx){l—a^)  .  .  .  (1— o„a),  from  which  the 
*  Communicated  by  the  Author. 
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following  series  of  values  may  be  readily  deduced,  the  S  imply- 
ing the  sum  of  all  the  instances  of  the  form  placed  under  it^  so 
that  each  expression  is  a  symmetrical  function  of  a^,  a^  .  .  On- 

</>(!)  =  (1 -«,)(! -^o)     .  .   .  (l-«J.No.  ofterms,  1. 

_^'(l)  =  2ff,{l  — fl'g) (1  — «„)  .  No.  of  terms,  n. 

1  n  —  1 

_^"(l)=:2fl',ffo(l~^3)   •   •   •   •   (1— a,i)  .No,  of  terms,  n  . 

1  71^""  1  71  ■ 

—  — — <^'"(l)r--2ai«2«'3(l  — ^4)    •   •   •   (1  — ^/,0 -^'o- ot' terms,    n  —^ 


2.3 

+  — —-<^>)  (l)=2G,C2fl'3..  «^(l-fl^, +,)..(! -ff„)  .  No.  of  terras,  n  ^i-— ..^^~^ — 

±00    ,       T,<^^""'^(l)=SffiCog3..g„-i(l— <?„)-^^o-  of  terms,  n. 
A. 6..  [n — x) 

+  ^— - — ^  "'(!)  =  </i«2«3  •  •  -cin  •  No.  of  terms,  1. 

The  sign  is  positive  when  p  is  even,  and  negative  w^hen  p  is  odd. 
A  single  term  of  the  pth  expression  contains  p  factors  of  the 
form  a,  and  n  —p  factors  of  the  form  '  —a;  and  the  expression 
itself  is  the  sum  of  eveiy  term  which  can  be  so  constructed. 

Let  there  be  n  persons  whose  names  are  Aj,  Ag  .  •  A„ ;  and  let 
Op  denote  the  probability  that  A^  will  be  living  at  any  given  futui'e 
date.  Then  by  what  precedes^  we  sec  that  the  probability  that 
at  the  given  date  there  will  be  exactly  p  out  of  the  set  living, 
(implying  that  exactly  n—p  in  number  are  dead),  is 

Thus  we  have — 

Probability  that  all  are  dead=l  — Sj  +5^ — %+  .  .  . , 
Probability  that  exactly  one  is  living =s^—  2s^  +  Ssq—4s^-\-  ... , 
Probability  that  exactly  two  are  living=52— Ssg  +  6^4—  IO55  + ..; 
and  so  on  until  wc  arrive  at  the  probability  that  exactly  one  is 
dead,  which  is  s„_, — nSn',  and  finally  the  probability  that  all 
are  living,  which  is  5„. 

In  hke  manner,  we  obsen-e  that  the  expression 

cf>{l)-<l^'{l)+l<f>"{l)-  .  .  .  ±  2X5 '^'^•(l) 

represents  the  probabihty  that  p  persons  or  less  (including  none) 
are  living  at  the  given  date ;  and,  omitting  the  first  term,  we 
have  the  probability  that  p  persons  or  less  are  living,  excluding 
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the  case  of  all  dead,     lip—n,  the  expression  becomes  ^(1  —  1) 
or  </)(0)  or  1,  the  event  being  certain. 

By  referring  to  the  well-known  process  for  obtaining  the  value 
of  an  annuity  which  depends  upon  the  existence  of  any  status  of 
a  contingent  nature^  the  reader  will  without  any  difficulty  at 
once  perceive  the  correctness  of  the  subjoined  solution  of  the 
following  problem. 

Problem. — To  determine  the  value  of  an  annuity  during  the 
continuance  of  any  status  which  can  be  made  to  depend  upon  the 
life  or  death  of  any  number  of  persons  out  of  the  set  A,^  Ag . .  A„. 

Mode  of  solution. — Find  the  probability  (by  the  formulse  above 
given)  that  the  status  will  be  in  existence  after  the  lapse  of  any 
number  of  years ;  for  s^,  s^  .  .  .  write  their  values  Aj  +  <?2  +  «3  +  •  •  ^ 
«i<J^2  +  ^'i^3+  •  •  •  j  ^i^tl  if  necessary,  multiply  the  expression  out, 
so  as  to  get  rid  of  all  brackets ;  then  for  each  small  letter  write 
the  corresponding  large  letter ;  and  the  result  is  the  value  of  the 
annuity  in  question  expressed  in  values  of  annuities  on  single 
and  joint  lives,  on  the  assumption  that  A„  means  the  value  of  an 
annuity  on  the  life  of  An',  A^  A„  the  value  of  an  annuity  on  the 
joint  lives  of  A,„  and  A„  ;  and  so  on  for  any  number  of  persons. 
The  most  convenient  notation  is  to  consider  these  values  as 
framed  on  the  assumption  that  unity  denotes  the  value  of  a  pre- 
sent perpetuity ;  so  that  A„  means  the  ratio  of  the  value  of  an 
annuity  on  the  life  of  A„  to  the  value  of  a  perpetuity,  or  the 
value  of  the  annuity  on  the  assumption  that  a  perpetuity  is  1. 
Calling  A„  the  value  of  such  a  status,  the  value  of  a  perpetuity 
expectant  on  the  determination  or  failure  of  the  status  is  1 — A^. 
The  preceding  rule,  therefore,  determines  also  the  value  of  a 
perpetuity  expectant  on  the  failure  of  any  status  formed  out  of  n 
lives,  or  payable  only  when  the  status  does  not  exist. 

The  above  mode  of  solution  will  be  rendered  plain  by  a  few 
examples. 

Let  us  take  every  contingency  that  can  be  made  from  the 
lives  of  A,  and  A^.     Here 

c}>{l)  =  l-s,+s„    -cf>\l)=s,-2s„      l<f>"{l)=s^, 

which  give  the  following  probabilities  and  values : — 

Probability  that  both  are  dead  is  0(1)  or  1  — (r/j-f-^^)  +^^1^2) 
Value  of  perpetuity  expectant  on  death  of  survivor, 

l-(A,-fA2)+AiA,; 
Probability  that  one  or  both  are  living,  a^  +  n,2~^i^'2'> 
Value  of  annuity  for  two  lives  and  lifcof  survivor,  Aj  +  A2~-'^i'f^^2- 
These  two  instances  are  complementary  to  each  other. 

Probability  that  one  only  is  living  is  —  ^'(1)  or  a,  +  c^  — ^fliff^ ; 
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Value  of  annuity  for  life  of  survivor  expectant  on  the  death  of 
one  of  the  two  is  Aj  +  Ao— 2AjA2;  <ind  value  of  present  perpe- 
tuity, payment  of  whicli  is  suspended  from  death  of  first  to  death 
of  second,  is  1  —  (Aj  +  Ao)  +  2A, Ag. 

Probability  that  both  are  living  is  ^  </>"(!)  or  Sc,  or  a^a^;  value 

of  annuity  on  joint  lives  is  AjAg;  value  of  perpetuity  expectant 
on  death  of  one  of  the  two  is  1  —  AjA^. 

Now  let  us  take  the  contingencies  from  the  lives  of  three 
persons^  Aj,  Ao,  and  Ay.     Here 

<^(l)  =  l-5i+^2-^3^    -<^'(l)=^l-252  +  3s3;^</)"(l)=52-353; 

Probability  that  all  are  dead  is  \—s^  +  s^  —  s.^',  value  of  per- 
petuity expectant  on  death  of  last  survivor  is 

l-(Ai  +  A2  +  A3)  +  (AiA2  +  AiA3+A2A3)-AjA2A3; 

and^  taking  the  complement,  w^e  have  value  of  annuity  for  the 
lives  and  life  of  the  survivor 

Ai  +  A2  +  A3  -  (A,  A2  +  Ai  A3  +  A2A3)  +  Ai  A2A3. 

Probability  that  one  only  is  living  is  s^—2s^-\-Zs.^;  and  value 
of  annuity  for  life  of  last  survivor  expectant  upon  the  decease  of 
both  the  others  is 

Ai  +  A2+A3-2(AiA2  +  AiA3  +  A2A3)  +  3AiA2A3. 

Probability  that  one  or  none  is  living  is  1—8^^  +  2sq  ;  therefore 
value  of  perpetuity  expectant  on  the  death  of  two  of  the  three  is 
1  — (A1A2  + A1A3  +  A2A3) -I-2A1A2A3;  and  value  of  present  an- 
nuity payable  so  long  as  two  or  more  of  the  three  are  living  is 
Ai  A2  +  Ai  A3  +  A2A3 — 2Ai  A2A3. 

Probability  that  exactly  two  are  living  is  Sg  —  3.<f3 ;  and  value 
of  annuity  for  joint  life  of  the  survivors  expectant  upon  the 
decease  of  the  first  of  the  three  is 

A1A2  + A1A3  +  A2A3-3A1A2A3. 

Probability  that  two  or  one  are  living  is  s^  —  Sc^^;  so  that  value 
of  annuity  for  life  of  the  two  sm'vivors  and  the  survivor  of  them 
expectant  on  the  decease  of  the  first  of  the  three  is 

Ai  +  A2  +  A3-(AiA2  +  AiA3  +  A2A3). 

Probability  that  all  are  living  is  s^, ;  so  that  value  of  annuity 
for  the  joint  lives  of  the  three  is  A1A2A3 ;  and  the  complemen- 
tary perpetuity  is  1  — A1A2A3. 

The  above  formulae  thus  solve  every  possible  contingency  that 
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can  be  constructed  out  of  a  single  set  of  existing  lives,  treating 
them  always  as  a  set,  and  abstaining,  as  we  have  done,  from 
dividing  the  set  into  individuals ;  and  the  results  are  obtained  by 
merely  handling  the  fornndjc  without  the  necessity  of  entering 
into  any  consideration  of  the  various  contingencies  that  may 
arise.  Among  the  more  obvious  results  are  the  following,  which 
I  presume  are  well  known.  The  value  of  a  perpetuity  expectant 
upon  the  death  of  the  survivor  of  a  set  of  lives  is 

1-2(A)  +  2(AA)-S(AAA)+  ..; 

and  the  value  of  an  annuity  for  their  lives  and  the  life  of  the 
sun'ivor  is 

S(A)-2(AA)+2(AAA)-..; 

the  former  being,  (perpetuity)  +  (annuities  for  joint  lives  in  even 
combinations) —(annuities  for  single  lives  and  joint  lives  in  odd 
combinations) ;  and  the  latter  being,  (annuities  for  single  lives 
and  joint  lives  in  odd  combinations)  —  (annuities  for  joint  lives 
in  even  combinations). 

Let  us  now  introduce  another  set  of  lives  B^,  Bg  .  .  B^,  and 
construct  a  status  out  of  them  which  is  to  coexist  with  the  status 
constructed  out  of  the  former  set.  We  have  merely  to  find  the 
probability  of  the  new  status  being  in  force  at  a  given  time,  and 
multiply  it  by  the  probability  of  the  old  status ;  and  when  the 
multiplications  are  performed,  change  the  small  letters  into  large 
ones  as  before.  The  same  process  may  be  extended  to  any  num- 
ber of  coexistent  status. 

Thus,  suppose  we  require  the  value  of  an  annuity  for  the  lives 
of  A,  and  A2,  and  the  survivor  commencing  at  the  death  of  B^; 
we  have  merely  to  multiply  a^  +  a^  —  a^a^  by  l—b^;  which  gives, 
changing  the  letters, 

Ai  +  A2— AjAo- A,Bi — AgBi  +  AjA^Bi. 

The  complexity  of  the  status  only  increases  the  labour  of  working 
out  the  results,  without  in  any  way  adding  to  the  real  difficulty 
of  the  problem.  Thus,  suj)pose  we  require  the  value  of  an 
annuity  for  the  lives  of  Aj  and  A^  and  the  survivor  of  them, 
conmiencing  at  the  death  of  such  one  of  the  set  Bj,  Bg  and  Bg  as 
shall  die  second,  with  the  proviso  that  it  shall  only  be  payable 
so  long  as  there  are  either  exactly  two  or  exactly  three  of  the 
set  C,,  Cg,  C3  and  C4  living.    We  have  to  multiply  together 

i  -  {b^b„  +  b^b^  +  ^(^Ag)  +  2b^b^b.^ 
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and  after  the  multiplications,  to  change  the  letters  into  the  cor- 
responding names.  The  result  would  be  given  in  this  case  in 
terms  of  no  less  than  165  annuities  on  joint  lives. 

The  preceding  formula;  may  be  adapted  to  the  case  of  contin- 
gencies involving  not  merely  lives,  but  also  a  fixed  term  of  years, 
it  being  assumed  that  the  term,  as  well  as  the  lives,  begins  to  run 
inpr<2senti.  Thus,  if  T  denote  the  value  of  an  annuity  for  a 
term,  and  AjT  the  value  of  an  annuity  for  so  much  of  the  term 
as  Aj  shall  live,  all  the  results  above  given  remain  applicable  if 
we  substitute  T  for  one  of  the  lives.  Thus  A,  +T— AiT  is  the 
value  of  an  annuity  for  the  term  and  the  life,  whichever  shall 
last  the  longest;  Aj+T  — 2AiT  is  the  value  of  an  annuity  for 
the  residue  of  one  period  (the  term  or  the  life)  after  the  other 
has  expired.  So  Aj  +  A.,  +  T  -  (A,  A^  +  AJ  +  AJ)  +  AAJ  is  the 
value  of  an  annuity  for  two  lives  and  a  term,  whichever  shall  last 
the  longest. 

In  these  investigations  A„  denotes  the  present  value  of  an 
annuity  which  is  payable  at  intervals  of  a  year  from  the  present 
time,  provided  the  life  be  in  existence  on  the  day  of  payment ; 
the  complement  of  this,  or  1  —  A„,  must  therefore  be  understood 
as  denoting  a  perpetuity  expectant  on  the  death  of  A„ ,  on  the 
assumption  that  it  commences  in  point  of  interest  at  the  begin- 
ning of  the  year  in  which  the  life  drops,  or  that  its  first  payment 
takes  place  at  the  beginning  of  the  year  ensuing  the  fall  of  the 
life.  Unless  this  assumption  be  made,  the  two  added  together 
will  not  constitute  a  present  perpetuity.  In  like  manner,  an 
annuity  commencing  at  the  death  of  Aj  and  continuing  until  the 
death  of  A2  is  represented  by  Ag— AiAg,  on  the  assumption  that 
it  begins  in  interest  at  the  commencement  of  the  year  in  which 
Aj  dies.  So,  when  we  represent  by  M(l— A„)  the  value  of  a 
sum  M  payable  on  the  death  of  A„,  we  mean  that  it  is  payable 
at  the  commencement  of  the  year  of  A„^s  death ;  and  if  it  be  not 
payable  until  the  end  of  that  year,  we  must  take  a  year's  discount 
from  it.  The  diminution  of  value  occasioned  by  payment  being 
postponed  until  the  fall  of  a  life  or  other  status  may  be  regarded 
as  a  particular  mode  of  discounting  the  sum,  the  rate  of  discount 
depending  on  the  nature  of  the  status.  Thus  the  value  of  M 
pounds  payable  at  the  death  of  the  survivor  of  A^  A2  . .  A„  is 
M(1-5;A  +  2;(AA)-S(AAA)+  • . ) ;  and  the  value  of  M  pounds 
payable  after  the  decease  of  n  lives  where  they  are  not  coexistent, 
but  each  life  (or  rather  a  life  of  that  value)  is  nominated  on 
the  death  of  his  predecessor,  (or  more  strictly  at  the  beginning 
of  the  year  in  which  he  dies),  is 

M(l-Ai)(l-A,)...(l-A,). 
If  all  the  lives  have  the  same  value  P,  the  value  of  M  pounds 
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payable  after  the  death  of  n  such  lives,  each  life  being  nominated 
at  the  commencement  of  the  year  in  which  his  predecessor  died, 
is  M(l  — P)";  from  which  we  at  once  perceive  that  the  present 
value  of  a  series  of  payments  of  M  pounds,  one  made  now, 
another  expectant  on  death  of  P,  the  next  expectant  on  the  death 
of  another  nominee  P,  and  so  on  ad  infinitum,  is 

M(H-(l-P)  +  (l-Py2+  ..)  or^; 

and  if  such  an  interest  be  expectant  on  the  fall  of  an  existing  life 
A„ ,  its  value  is  M(l  —  A„  )-^P.  Payments  of  this  nature,  which 
go  by  the  name  of  fines,  are  in  practice  made  payable  at  the  end 
of  the  year  in  which  the  life  falls,  and  the  new  life  is  not  nomi- 
nated until  that  time ;  this  adds  one  year  certain  to  the  value  of 
every  life,  so  that  (1— A„)  becomes  v  (1— A„),  and  P  becomes 
1  —  (1  — P)u,  V  being  lH-(l-f  r),  where  r  is  the  rate  of  interest 
per  pound  per  annum.  These  give  as  the  present  value  of  such 
a  fine  M(l— A„)4-(P  +  r),  which  is  in  substance  the  same  for- 
mula as  that  adopted  by  Mr.  Milne. 

The  reader  will  be  cautious  not  to  confound  (1— AJ(1— Ag) 
with  1  —  (A,  +  Ag)  +  Aj A^ ;  the  former  is  the  value  of  a  per- 
petuity expectant  on  the  death  of  two  successive  lives,  the  latter 
is  a  perpetuity  on  the  death  of  the  survivor  of  two  concurrent 
lives  of  the  same  respective  values.  If  the  former  expression  be 
multiplied  out,  it  should  be  written  thus  :  1  —  (Aj  +  Ag)  +  A^.Ag, 
so  as  to  show  that  the  last  term  is  a  product,  and  not  an  expres- 
sion of  the  value  of  joint  lives.  It  is  evident  that  in  dealing  with 
successive  lives  of  difi'erent  values,  it  is  immaterial  in  what  order 
they  are  taken. 

The  formulse  at  the  head  of  this  paper  may  be  applied  not 
merely  to  lives,  but  to  any  other  set  of  events,  the  individual 
probabilities  of  which  arc  known.  Thus  if  there  are  n  events 
whose  respective  probabilities  are  «,,  a^  ...  a,„  then 

±</>^>;(l)^(2.3..;.) 

is  the  probability  that  exactly  ^j  Avill  happen ;  and 

is  the  probability  that  p  or  less  will  happen ;  and  so  on. 
Dublin,  Dec.  18,  1852. 
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X.   On  the  Temperatures  of  Conductors  of  Electrical  Currents. 
By  Richard  Adie,  Esq.,  Liverpool"^. 

THE  experiments  which  have  led  to  the  discussion  in  the 
pages  of  this  Journal  between  Dr.  Tyndall  and  myself  on 
the  subject  of  the  reduction  of  temperatures  by  electricity,  took 
their  origin  some  nine  years  ago  in  an  examination  I  made  of 
the  thermo-electric  cross.  I  remember  I  found  it  a  most  diffi- 
cult experiment  to  explain ;  and  as  Dr.  Tyndall  in  his  last  com- 
munication in  your  December  Number  speaks  of  the  mysterious 
action  of  the  outlying  arms  of  this  cross,  I  will  l)rielly  detail  the 
examination  I  then  made ;  and  by  doing  so  I  think  I  shall  show 
that  I  have  not  omitted  to  vary  the  currents  employed,  but,  on 
the  contrary,  have  gone  through  the  widest  possible  range  of 
currents  in  order  to  establish  the  general  law  of  the  unequal 
heating  effect  of  an  electrical  current.  In  the  thermo-electric 
cross,  this  property  of  electricity  heating  bars  unequally  gives 
rise  to  an  apparent  refrigeration  at  its  centre  for  electricity  of 
every  degree  of  tension  ;  while  ]M.  Peltier,  in  his  announcement 
of  the  production  of  cold  by  electricity,  says  that  a  feeble  elec- 
trical current  must  be  used  to  show  it. 
The  annexed  diagram  represents  the 
thermo-electric  cross,  where  BD  is  a 
bar  of  antimony,  CE  a  similar  bar  of 
bismuth,  fastened  in  good  metallic 
contact  at  their  centres  A.  HB  and 
CI  are  wii'cs  for  connecting  with  a 
galvanic  battery;  EF  and  DG  are  si- 
milar wires  for  connecting  with  a  gal- 
vanometer. When  a  current  is  cu'cu- 
lated  through  the  joint  A  in  the  di- 
rection BAG,  a  galvanometer  in  con- 
nexion with  the  terminal  wires  F  and  G 
is  deflected  as  if  the  joint  Awas,heated. 

Again,  when  the  current  is  circulated  in  the  opposite  direction 
CAB,  the  action  on  the  galvanometer  is  the  same  as  if  the 
joint  A  was  cooled.  This  result  is  constant  for  electrical 
currents  varied  in  tension  from  feeble  thermal  sources  up  to 
powerful  cui'rents  used  in  blasting  gunpowder.  The  appli- 
cation of  a  thermometer  to  the  joint  A  soon  shows  that  it 
is  heated  slightly  ^\'ith  the  feeble  currents  and  more  distinctly 
with  those  of  higher  tension.  According  to  M.  Peltier,  it  should 
be  heated  by  the  cm-rents  of  high  tension,  but  refrigerated  by 
those  of  low  tension.  The  explanation  of  this  apparently  intri- 
cate experiment  is,  that  the  galvanometer  is  not  then  measuring 
*  Communicated  b)-  the  Author. 
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a  thermo-electric  current  developed  at  the  joint  A,  but  one  deve- 
loped at  the  joint  C^  the  most  highly  heated  portion  of  the  bis- 
muth conductor  AC  :  for  the  unequal  heating  of  bismuth  con- 
ductors see  Edinb,  Journal,  vol.  xxxvii.  p.  300.  The  direction 
of  this  current  is  ACI,  from  left  to  right ;  in  metallic  contact 
wath  it  there  is  another  circuit  AEF,  also  ft-oni  left  to  right ; 
now  where  there  are  two  wires  for  conducting  an  electrical  cur- 
rent offering  different  degrees  of  resistance  to  its  passage,  the 
electricity  passes  along  that  which  offers  the  least  obstruction ; 
by  the  path  AC  I  it  would  require  to  pass  through  the  battery, 
while  by  the  path  AEF  it  has  a  continuous  metallic  circuit  to 
pass  along  through  the  galvanometer ;  by  this  route  it  finds  the 
least  resistance  to  return  to  A,  so  that  in  the  cross  the  same 
action  on  a  galvanometer  attached  to  the  wires  FG  can  be 
obtained  from  heating  at  C  and  developing  a  current  mo\dng  in 
the  direction  ACI,  as  by  cooling  at  A  and  generating  a  current 
in  the  direction  AEF,  both  being  from  left  to  right. 

In  my  experiments  published  in  1844,  I  mention  that  the 
nearest  approach  to  the  production  of  cold  by  electricity  was 
attained  with  a  bismuth  and  antimony  couple,  the  bismuth  bar 
projecting  a  little  beyond  the  joint  for  the  purpose  of  immersing 
it  in  water.  On  passing  a  feeble  current  across  the  joint  from 
the  antimony  to  the  bismuth,  the  water  had  its  temperature 
raised  12°;  then,  on  reversing  its  direction  to  make  it  cross  the 
joint  from  the  bismuth  to  the  antimony,  the  temperature  of  the 
water  was  only  raised  2°,  The  following  repetition  of  the  expe- 
riment will  show  a  remarkable  effect  on  the  temperatm'es  of 
metallic  conductors.  I  cannot  make  the  experiment  go  the 
length  of  producing  cold,  but  I  can  show  the  power  of  an  elec- 
trical current  quickly  to  reduce  the  temperature  of  a  heated  joint  to 
a  point  which  is  stable  so  long  as  the  current  remains  unchanged. 

In  the  annexed  dia- 
gram AB  is  a  bar  of  an- 
timony, CD  a  bar  of  bis- 
muth soldered  to  the  an- 
timony bar  at  B  a  little 
within  the  extremity  of 
the  bar  at  C.  At  C  the 
bull)  of  a  small  thermo- 
meter CE  is  applied  in 
contact  with  a  cavity  in 
the  point  of  the  bar  and 
enveloped  with  a  little 
cotton  wool,  merely  suf- 
ficient to  cover  the  sur- 
face of  the  bulb.     "When  this  apparatus  had  been  handled,  it 
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required  a  period  of  two  hours  for  the  temperature  of  the  ther- 
mometer to  coincide  with  tliat  of  the  atmosphere.  The  time 
necessary  for  this  purpose  ha^^Dg■  elapsed^  a  current  from  a 
single  pair  was  passed  in  the  direction  DBA ;  the  thermometer 
then  rose  one  degree,  and  remained  stationary  there.  To  break  the 
circuit  without  disturbing  the  apparatus,  I  withdrew  the  plates 
of  the  battery  from  their  cell,  when  the  thermometer  quickly 
rose  two  degrees  above  where  it  had  stood  while  the  current  was 
circulating,  at  which  point  it  remained  until  it  began  to  cool 
slowly  down  by  radiation.  But  without  waiting  for  this,  the 
battery  was  restored  to  its  cell,  which  had  the  effect  of  speedily 
reducing  the  temperature  of  the  joint  to  within  one  degree  of 
the  surrounding  atmosphere.  This  effect  of  raising  the  tempe- 
rature of  a  joint  two  degrees  by  breaking  contact  and  then 
depressing  it  by  the  electrical  current,  admitted  of  comparatively 
rapid  repetition.  I  cannot  but  help  viewing  it  as  a  beautiful  ex- 
periment, which  I  should  be  glad  if  Messrs.  Thomson  and  Tyndall 
w^ould  accept  as  a  portion  of  the  supposed  reduction  of  tempera- 
tures by  electricity.  The  elevation  of  the  thermometer  CE  on 
breaking  contact  is  what  might  be  expected  from  the  unequal  heat- 
ing effect  of  the  electrical  current ;  for  it  is  placed  at  the  extremity 
of  the  bismuth  bar,  where  the  electricity  maintains  a  lower  tem- 
perature than  in  any  other  part;  when  the  source  of  this  inequality 
is  removed,  it  is  natural  to  expect  that  the  heat  will  diffuse  itself 
equally  through  all  the  parts  in  metallic  contact  and  thus  raise 
the  thermometer.  On  the  return  of  the  electrical  current  the 
converse  of  this  takes  place,  the  electricity  has  the  power  to 
re-arrange  the  temperatures  after  the  same  manner  that  it  had  left 
them.  I  do  not  think  that  this  experiment  shows  the  absorption 
of  heat  by  electricity,  for  there  is  a  continua^-  loss  of  heat  going 
on  by  radiation  from  the  surface  of  the  metals ;  and  if  the  elec- 
tricity has  the  power  of  concentrating  all  this  loss  on  one  point, 
it  will  account  for  the  rapid  fall  of  the  thermometer  at  C. 

To  the  experimentum  o'licis  given  by  Dr.  Tyndall,  the  only 
objection  I  have  to  take  is  the  shortness  of  the  time  he  allows 
for  obtaining  the  normal  temperatures.  The  late  Mr.  Troughton, 
in  his  account  of  his  method  for  graduating  astronomical 
circles,  speaks  of  the  time  required  to  allow  temperatures  to 
settle  after  handling,  and  says  twelve  hours  were  not  too  long 
for  his  purpose.  In  thermo-electrical  inquiries  the  same  patience 
is  necessary,  and  I  have  often  had  two  hours  to  wait  for  the  metals 
to  cool.  Should  Dr.  Tyndall  be  inclined  to  do  me  the  honour  of 
again  experimenting,  I  think  he  may  prove  that  he  has  been 
performing  one  of  the  same  class  as  that  I  have  met  with, 
where  a  current  of  electricity  has  been  shown  to  be  able  to  re- 
arrange temperatures,  and  within  certain  limits  to  cool  a  heated 
joint  at  the  time  it  is  making  the  new  arrangement. 
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I  regret  that  Dr.  Tyndall  should  have  spoken  of  my  views  of 
these  experimental  inquiries  as  partial ;  one  of  the  results 
obtained  should  be  an  answer  to  that  charge,  where  I  have  had 
occasion  to  establish  a  general  law,  that  electricity,  of  whatever 
tension,  heats  a  conductor  unequally.  For  the  rest  I  am  willing 
to  abide  his  decision,  or  the  decision  of  those  who  may  come 
after  him,  in  the  matter  of  the  supposed  production  of  cold  by 
electricity,  for  I  feel  confident  that  the  onward  progress  of  science 
never  will  establish  such  a  law;  while  to  M.  Peltier,  the  origi- 
nator of  these  inquiries,  due  honour  will  be  done ;  and  it  will 
be  remembered  that  when  he  was  experimenting,  he  had  not  the 
benefit  of  any  previous  researches  to  guide  him. 

Although  experiment  is  the  only  Csesar  to  whom  appeal  can 
be  made  in  a  case  of  this  kind,  still  there  arc  advantages  to  be 
derived  from  looking  at  what  may  be  expected  from  other  known 
laws  of  heat  and  electricity.  The  admirable  researches  of 
Mr.  Joule,  which  have  appeared  in  the  pages  of  this  Magazine, 
show  that  the  resistance  to  conduction  and  the  heat  developed  by 
an  electrical  current  are  always  in  direct  proportion  ;  from  which 
it  may  be  inferred,  that  \vhere  there  was  no  resistance  there  would 
be  no  heat ;  and  again,  if  there  was  absorption  of  heat,  the  converse 
of  resistance  should  be  looked  for;  what  kind  of  force  in  a 
thermo-electrical  joint  this  can  be  w'as  the  difficulty  I  have  felt 
in  reflecting  on  the  supposed  fact  of  the  absorption  of  heat  by 
electricity  circulating  in  conductors  which  resist  its  passage  in 
a  greater  or  less  decree. 


XI.  On  the  Direction  of  the  Vibrations  of  the  Luminiferous  JEthei- 
in  Plane-polarized  Light.     By  W.  Haidinger*. 

Physical  proof  of  tlie  proposition  that  the  vibrations  of  the  lumini- 
ferous aether  in  plane-polarized  light  are  perpendicular  to  the 
plane  of  polarization. 

1.    QBSERVAriOX.— Let  a  dichromatic  uniaxal  crystal  be 

regarded  in  a 
direction  perpendicular 
to  the  })rincipal  axis. 

The  Inie  AA'  in  the 
adjacentligure  is  the  axis 
of  the  crystal,  BIV  the 
direction  along  which  the 
eye  observes  the  crystal, 
CC'the  transverse  direc- 
tion perpendicular  to  the 
two  others. 

Let  the  crystal  be  re- 
garded in  ordinary  light, 
and  let  the  pha?nomena 

*  From  Poggondorff's  Annalen,  voLlwwi.r).  131. 
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exhibited  be  examined  through  the  dichroscopic  lens  in  all  azi- 
muths perpendicular  to  the  axis.  Of  the  two  images  of  the 
dichvoscojjic  lens,  the  ordinary  one  being  polarized  in  the  direc- 
tion of  both  images,  and  the  extraordinary  one  perpendicular  to 
this  direction,  the  images  appear  differently  coloured  by  the  two 
diflferent  tints  of  the  dichromatic  crystal. 

The  position  of  the  eye  and  dichroscopic  lens 
remaining  unchanged,  if  the  crystal  be  turned 
around  the  axis  AA'  the  phenomena  remain  the 
same :  we  observe  the  upper  image  0  in  the  ad- 
jacent figure,  polarized  in  the  direction  of  the 
axis  and  of  the  transparent  colour  A,  and  the 
lower  image  E  polarized  perpendicular  to  the  axis 
and  possessing  the  other  transparent  colour  of 
the  crystal. 

Allien  the  crystal  is  observed  in  the  direction  of  the  axis,  the 
two  images  of  the  dichroscopic  lens  appear  of  the  same  colom*, 
that  of  A,  or  of  the  ordinary  image  in  the  observation  pei-pen- 
dicular  to  the  axis. 

2.  Proposition. — The  vibrations  of  the  atther  are  perpendicular 
to  the  plane  of  polarization. 

3.  Proof. — In  ordinary  light  the  vibrations  of  the  sether 
occur  in  all  azimuths  perpendicular  to  the  direction  of  propaga- 
tion. In  plane-polarized  light  the  vibrations  are  all  made  in  one 
and  the  same  plane. 

In  every  observation  perpendicular  to  the  axis  two  rays  of 
light  appear,  which  are  polarized  at  right  angles  to  each  other. 
For  every  single  observation,  therefore,  we  have  two  planes  of 
vibration.  In  the  homogeneous  crystal  each  of  these  is  distin- 
guished by  a  peculiar  colour.  For  all  observations  round  about 
the  axis  we  have  one  direction  of  vibration  coinciding  with  the 
axis,  and  an  infinite  number  of  directions  of  vibration  which  lie 
in  the  plane  perpendicular  to  the  axis. 

In  the  direction  of  the  axis  only  one  colour  appears,  but  it  is 
observed  in  all  azimuths.  To  it  evidently  belong  all  vibrations 
which  are  perpendicular  to  the  axis,  and  which  exhibit  the  same 
colour  when  the  line  of  view  is  perpendicular  to  the  axis. 

The  otJicr  colour  is  not  at  all  observed  in  the  direction  of  the 
axis,  but  in  all  azimuths  round  the  latter.  The  only  vibrations 
which  can  give  rise  to  it  are  those  which  take  place  in  the  direc- 
tion of  the  axis.  Observation  shows  that  this  colour  is  polarized 
perpendicular  to  the  axis.  It  is,  however,  caused  by  vibrations 
in  the  direction  of  the  axis,  and  consequently  the  vibrations  stand 
perpjendicular  to  the  plane  of  polarization,  which  was  to  be  proved. 

The  method  of  proof  could  also  be  conducted  as  follows : — 
Let  the  three  lines  perpendicular  to  each  other  be  AA'  the  axis, 
BB'  the  longitudinal  diagonal,  and  CC  the  transverse  diagonal. 
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B  being  the  point  of  view,  that  colour  which  is  observed  about 
BC  B'C  alone,  not  in  the  direction  of  the  axis,  must  have  its 
vibrations  parallel  to  AA'  or  to  CC,  certainly  not  parallel  to  BB', 
for  these  would  be  longitudinal.  The  point  of  view  being  C, 
the  vibrations  would,  it  is  equally  certain,  be  parallel  to  AA'  or 
parallel  to  BB',  certainly  not  parallel  to  CC,  for  these  again 
would  be  longitudinal.  To  07?e  colour,  howevei*,  belongs  only  o?ie 
direction  of  vibration  ;  BB'  and  CC  arc  both  excluded,  and  AA' 
remains  as  the  only  possible  direction  of  vibration.  This  stands 
perpendicular  to  the  plane  BC  B'C.  But  this  is  polarized  per- 
pendicular to  the  axis,  hence  the  direction  of  vibration  is  perpen- 
dicular to  the  plane  of  polarization. 
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June  10,"  t^XPERIMENTS  towards  the  construction  of  new  forms 
1852.  -■--i  of  Instruments  for  the  correction  of  Compass  Errors 
due  to  the  presence  of  iron  in  ships  ;  with  investigations  on  the  na- 
ture of  the  attraction  of  Iron  on  the  poles  of  Magnets."  By  Julius 
Roberts,  Esq.,  Lieut.  R.AI.  Artillery.  Communicated  by  Capt.  W. 
H.  Smyth,  R.N.,  For.  Sec.  R.S. 

The  object  of  the  author's  experiments  imd  investigations  is  stated 
to  have  been  the  production  of  an  instrument  that  would,  under  all 
variety  of  circumstances,  give  a  correct  (magnetic)  meridian  direc- 
tion, or  in  some  way  indicate  the  amount  of  its  own  error ;  and  he 
considers  that  he  has,  at  least  partially,  succeeded  in  the  attainment 
of  this  object  in  the  instrument  described  in  this  paper,  and  of 
which  drawings  accompany  the  communication. 

In  order  to  determine  the  nature  of  the  action  of  a  mass  of  iron  on 
a  magnetic  needle,  the  author  constructed  needles  with  the  magnetic 
bar  wholly  on  one  side  of  the  central  support,  counterpoised  by  an 
arm  carrying  a  weight  on  the  other.  In  some  of  these  the  magnetic 
bar  was  straight,  in  others  it  was  bent  in  the  middle,  cither  the 
upper  or  lower  half  being  horizontal.  He  also  constructed  a  com- 
pound needle  of  two  such  bent  bars,  suspended  concentrically  with 
two  of  their  contrary  poles  remote,  the  other  two  poles  being  the 
one  above  and  the  other  below  the  points  of  support.  In  order  to 
give  magnetic  stability  to  the  compound  needle,  an  arc  of  soft  iron 
was  attaclied  to  the  extremity  of  the  counterpoising  arm  of  each 
magnet,  so  as  to  be  in  close  proximity,  though  not  actually  to  touch 
the  other.  Attached  to  the  counterpoise  arms  were  the  halves  of  a 
compass-card  cut  through  the  east  and  west  points,  and  so  adjusted 
that  the  edge  of  one  was  vertically  over  that  of  the  other  when  the 
needles  were  in  the  same  vertical  plane,  but  crossed  each  other  when 
the  needles  deviated  from  the  same  direction.  The  author  con- 
sidered that  a  mass  of  iron  attracting  each  pole  of  this  compound 
needle  would  cause  the  cards  to  cross  each  other,  and  thus  give  the 
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amount  of  deviation  due  to  that  mass,  but  found  that,  instead  of  the 
cards  crossing,  the  needles  deviated  in  contrary  directions  so  as  to 
remain  in  one  straight  hnc,  as  if  they  liad  been  rigidly  connected. 

To  obviate  this,  for  the  magnet  having  its  unmarked  end  pointing 
south  -was  substituted  one  having  its  marked  end  in  that  direction, 
but  of  less  power  than  that  of  which  the  marked  end  pointed  north  ; 
and  two  magnets  rigidly  connected  in  the  same  straight  line,  with 
their  marked  ends  remote,  were  balanced  concentric  with  the  other 
two.  The  author  considers  that  the  result  of  this  combination  would 
be,  that  this  astatic  bar  would,  by  the  repulsion  between  its  poles 
and  those  of  the  other  magnets,  take  up  a  position  at  right  angles 
to  the  magnetic  meridian,  the  other  magnets  jjointing  due  north  and 
south.  Further,  that  the  north  pointing  and  south  pointing  ends  of 
the  compound  needle  on  the  half  cards  being  poles  of  the  same  name, 
that  is,  both  marked,  any  mass  of  iron  which  attracted  one  end 
would  also  attract  the  other,  and  thus  the  half  cards  which  they 
carried  would  be  caused  to  cross  each  other ;  so  that  the  whole 
being  properly  adjusted,  the  deviations  caused  by  the  iron  on  the 
two  needles  will  be  equal,  and  the  error  of  deviation  of  either  one 
will  be  half  the  angle  between  the  two.  A  figure  of  this  complicated 
compass  accompanies  the  description. 

In  conclusion,  the  author  states  that  the  practicability  of  rendering 
the  instrument  so  simjjle  and  accurate  as  to  be  generally  useful,  de- 
pends on  experiments  and  investigations  yet  to  be  made ;  and 
then  enters  upon  a  calculation,  from  which,  however,  no  definite 
results  are  deduced. 

June  17. — "  On  the  Impregnation  of  the  Ovum  in  the  Amphibia 
(Second  Series  revised),  and  on  the  direct  agency  of  the  Spermato- 
zoon."   By  George  Newport,  F.ll.S.,  F.L.S.  &c. 

The  author  remarks  that,  having  in  a  former  paper  shown  that  the 
spermatozoon  alone  is  the  impregnatory  agent,  he  endeavoured  in  a 
subsequent  communication  to  the  Royal  Society,  a  report  of  which 
is  printed  in  the  Proceedings  for  June  185.1,  to  arrive  at  some  con- 
clusion as  to  the  nature  of  its  influence ;  and,  from  the  facts  he  was 
then  acquainted  with,  he  announced  the  view  that  the  spermatozoon 
appeared  to  be  the  organ  of  a  special  form  or  condition  of  force  in 
the  animal  body.  At  that  time  he  had  no  evidence  that  the  sperma- 
tozoon penetrates  into  the  coverings  of  the  egg,  as  he  had  constantly 
found  it  attached  only  to  the  surface.  Since  then  he  has  detected 
it  within  the  substance  of  these  coverings,  and  sometimes  even  par- 
tially imbedded  in  the  vitelline  membrane  beneath  them  ;  but  he  has 
no  evidence  that  it  enters  the  vitelline  cavity.  While  therefore  the 
fact  of  penetration  into  the  envelopes  necessitates  some  revision  of 
the  details  of  the  view  announced,  he  still  regards  the  spermatozoon 
as  the  organ  of  a  special  condition  or  form  of  force  in  the  animal 
structure. 

He  then  proceeds  to  show  the  relative  duration  of  vitality  in  the 
spermatozoon  and  the  egg,  and  points  out  that  that  of  the  former 
is  shorter  than  is  usually  supposed  ;  that  at  the  temperature  of 
55°  Fahr.  it  usually  is  lost  in  from  three  to  four  hours  after  removal 
from  the  body  into  water ;  but  that  at  a  lower  temperature  it  is 
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retained  longer,  and  that  when  the  spermatic  fluid  has  contained 
many  undeveloped  cells,  and  has  been  presen'ed  in  a  temperature  of 
51°  Fahr.,  it  has  fertilized  at  the  end  of  twenty- four  hours.     The  egg 
loses  its  fitness  to  be  impregnated  very  soon  after  it  is  passed  into 
■■.vater,  usually  within  the  first  hour,  owing  chiefly  to  the  endosmosis 
and  expansion  of  its  envelojies.    But  when  retained  within  the  body  of 
the  dead  frog  its  vitality  is  ])reserved  for  twenty-four,  and  sometimes 
even  for  forty-eight  hours,  at  a  low  temperature.    He  next  shows  that 
the  results  produced  by  the  active  vibratile  spermatozoa  on  the  dead 
egg  are  similar  to  those  which  are  at  first  produced  on  the  living  one 
by  solution  of  potass,  viz.  the  yelk  becomes  shrivelled  and  con- 
tracted, and  this  result  also  occurs  when  decomposing  spermatic 
fluid  is  applied  to  it.     Having  repeated  the  experiments  formerly 
mentioned  (Proceedings,  p.  83),  that  the  frog's  egg  may  be  fecun- 
dated by  application  of  exceeding  minute  quantities  of  sj^ermatozoa 
by  means  of  the  head,   and  even  of  the  point  of  a  small  pin,  to 
almost  any  part  of  its  surface,  he  shows  that  there  are  some  parts 
of  the  surface  more,  and  some  less,  susceptible  than  others  ;  and  that, 
in  a  series  of  careful  experiments  made  with  a  view  to  test  this  fact, 
he  found  that  when  the  egg  is  placed  vertically,  with  the  centre  of 
the  white  surface  uppermost,  and  the  spermatozoa  are  applied  to 
this  part,  and  not  allowed  to  flow  over  the  sides  of  the  egg,  fecun- 
dation is  then  but  rarely  eff"ected ;  but  that  when  the  centre  of  the 
dark  surface  is  uppermost,  and  the  spermatozoon  is  applied  to  that 
part,  fecundation  of  the  egg  is  then  almost  invariably  the  result.     A 
fact  is  also  mentioned  which  is  of  some  value  in  experiments  on 
artificial  impregnation.     The  chamber  which  is  formed  above  the 
yelk  in  the  fecundated  egg,  as  described  in  the  author's  former 
paper,  is  commenced  at  the  end  of  the  first  hour,  by  the  contraction 
and  depression  of  the  upper  or  dark  surface  of  the  yelk ;  and  thus 
aff^ords  an  early  proof  as  to  whether  or  not  the  egg  has  been  fecun- 
dated.    When  no  chamber  is  formed,  it  is  certain  that  the  egg  has 
not  been  fecundated.     But  the  chamber  may  be  formed,  and  the  yelk 
not  undergo  segmentation  ;  in  which  case  fecundation  has  been  only 
partial  and  incomplete.     The  motion  of  the  spermatozoon  in  relation 
to  its  function  is  then  examined,  and  the  author  states  that  he  re- 
gards this  motion  as  only  the  visible  exponent  of  a  peculiar  power 
in  the  impregnating  agent,  and  as  essential  to  its  function,  and  that 
it  is  associated  with  the  material  composition  and  structure  of  this 
body,  the  degree  of  procreative  efficiency  of  which,  he  thinks,  is 
indicated  by  the  degree,  or  intensity  of  its  motive  power ;  although 
he  believes  that  some  portion  of  the  substance  of  the  body  of  the 
spermatozoon  is  also  communicated  to  the  egg  in  fecundation. 

The  author  then  shows  that  having  adopted  a  mode  of  examining 
the  egg,  beneath  the  microscope,  at  the  time  of  the  spermatozoa 
being  supplied  to  it,  different  from  that  which  he  formerlv  emjdoyed, 
he  has  been  enabled  to  detect  the  fact  of  penetration  by  the  sperma- 
tozoon into  the  envelopes,  and  its  arrival  at  the  vitelline  membrane, 
with  great  facility.  Availing  liimself  of  the  fact  previously  ascer- 
tained, that  impregnation  may  be  eff'ectcd  by  the  direct  ajjplication 
of  the  spermatozoon  by  means  of  the  pin's  head  or  point,  he  put  tlie 
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fact  of  penetration  to  a  very  positive  test  beneath  the  microscope, 
and  found  that  the  spermatozoon  always  penetrates  at  the  parts  to 
\vhich  it  is  applied,  and  at  no  other  part  of  the  egg,  and  that  a  short 
time  afterwards  it  may  be  detected  striking  into  the  vitelline  mem- 
brane, by  its  thicker  or  body  portion,  in  a  line  with  the  point  at 
which  it  has  entered,  and  the  centre  of  the  yelk,  and  that  he  has 
usually  found  eggs  so  penetrated  to  have  been  fertilized  and  produce 
embryos.     Further,  that  eggs  in  which  no  spermatozoa  have  been 
seen  in  contact  with  the  yelk  membrane,  have  usually  been  un- 
fruitful,   although  numerous  spermatozoa    have  been  observed  on 
their  surface.     During  his  experiments  the  author  had  an  oppor- 
tunity of  examining  some  eggs  which  had  been  impregnated  by  the 
natural  concurrence  of  the  sexes,  and  then  found  that  these  most 
fully   confirmed   the   results    obtained   by    artificial   impregnation. 
Spermatozoa  were  observed  sticking  into  the  vitelline  membrane  for 
many  hours  after  the  time  at  which  the  egg  must  have  been  fecun- 
dated ;  which  the  author  believes  must  be  within  thQ  first  half -hour, 
and  perhaps  within  Xha  first  few  minutes ;  as  he  has  sometimes  found 
spermatozoa  close  to  the  vitelline  membrane  tcithhi  one  minute  after 
they  had  been  supplied  to  the  egg.     The  spermatozoon  invariably 
enters  the  egg  with  its  thicker  or  body  portion  foremost,  and  passes 
onwards  with  a  direct  but  slightly  serpentine  motion,  in  a  centripetal 
direction  to  the  vitelline  membrane.     A  large  proportion  of  the 
spermatozoa  never  enter  the  envelopes  of  the  e^^,  if  they  happen  to 
come  into  contact  with  them  laterally,  as  is  frequently  the  case  ;  they 
then  merely  adhere   to   the   surface,   but  do  not  fecundate.     The 
greatest  number  penetrate  when  supplied  to  the  egg  within  a  few 
seconds  after  removal  from  the  male  bodj',  and  of  the  eggs  from  the 
body  of  the  female.      Some  experiments  are  then  detailed  which  the 
author  states  arose  out  of  a  communication  made  to  him  by  Mr. 
Busk,  F.Il.S.     The  spermatozoa  were  narcotized  by  exposure  for 
eight  or  ten  minutes  to  the  vapour  of  chloroform,  and  it  was  then 
found  that  when  in  this  state,  while  perfectly  motionless,  as  when 
dead,  they  did  not  impregnate.     These  experiments,  in  connection 
with  others,  seemed  to  show  that  the  entrance  of  the  spermatozoon 
into  the  egg  is  not  the  result  of  an  endosmic  action  of  the  envelopes, 
but  is  that  of  the  operation  of  a  distinct  power  in  the  spermatozoon. 
The  nature  of  the  influence  of  the  spermatozoon  is  then  examined. 
The  author  has  endeavoured  to  put  this  to  the  test  of  experiment, 
first,  by  immersion  of  eggs,  both  before,  and  at  the  period  of  fecun- 
dation, and  during  the  segmentation  of  the  yelk,  in  solutions  of 
potass ;  and  next,  by  reducing  the  bodies  of  recently-obtained  and 
perfectly  active   spermatozoa,  to  a  fluid  state,  by  trituration   in  a 
glass  mortar,  prepared  for  the  purpose,  and  then  apphang  the  ma- 
terials so  obtained  to  the  q^^  immediately  it  is  expelled  from  the 
female,  and  before  it  has  been  in  contact  with  water ;  and  conse- 
quently at  the  time  it  is  most  susceptible  of  the  fecundatory  influence. 
The  experiments  by  immersion  in  potass  solution  showed  that  the 
endosmic  action  of  the  e^^  envelopes  is  exceedingly  rapid,  as  decom- 
position of  the  yelk  was  commenced  in  some  within  three  minutes  of 
the  application  of  the  solution.    In  very  weak  solution  the  result  was 
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different,  and  appeared  to  be  favourable  to  the  action  of  the  sperma- 
tozoon. Tlie  fluid  obtained  by  trituration  of  the  spermatozoa  was 
applied  to  several  sets  of  eggs,  but  no  fecundation  of  the  egg  was 
effected  by  it ;  the  j'elks,  however,  became  affected,  being  in  some 
cases  shrivelled  and  contracted,  as  when  potass  solution  or  decom- 
posing seminal  fluid  is  applied,  thus  showing  that  the  substance  of 
the  broken  down  spermatozoa  had  passed  to  the  yelk  by  endosmosis. 
These  experiments  were  made  at  the  same  time  with  others  made 
with  portions  of  the  same  fluid  which  had  not  been  triturated,  and 
in  which  the  spermatozoa  were  still  active.  In  these  instances  fe- 
cundation was  constantly  effected,  so  that  the  conclusion  deduced 
from  these  comparative  trials  was,  that  fecundation  is  not  the  result 
simply  of  the  addition  of  the  substance  of  the  body  of  the  sperma- 
tozoon to  the  ^g^,  but  primarily  seems  to  be  due  to  a  force  or 
dynamic  power  in  the  spermatozoon,  which  is  lost  when  this  body 
has  ceased  to  give  evidence  of  its  retention  of  it,  in  its  power  of 
motion. 

The  author  then  proceeds  to  inquire  whether  these  results  do  not 
justify  our  viewing  the  spermatozoon  as  the  organ  of  a  special  form 
or  condition  of  force  in  the  animal  structure  ?  and  states,  as  he 
has  done  on  a  former  occasion  (Proceedings,  June  1851,  p.  83), 
other  grounds  on  which  the  hypothesis  seems  to  be  supported, 
pointing  out  that  the  spermatozoon,  like  muscle  and  nerve,  has  both 
general  and  special  anatomical  structure  and  special  chemical  com- 
position ;  and  that  as  we  have  been  accustomed  to  regard  the  power 
of  muscular  contractilit}'-  as  a  distinct  force,  or  form  of  force,  of  the 
body, — the  same  view  being  held  with  regard  to  nerve,  the  properties 
of  these  two  tissues  being  perfectly  distinct  from  each  other, — so 
it  appears  to  be  correct  to  view  the  property  of  the  spermatic  struc- 
ture ;  which  is  not  onlj'  perfectly  distinct  from  either  of  these,  but 
different  from  that  of  every  other  tissue  in  the  organization,  and  is 
not  exercised  until  the  structure  itself  has  been  entirely  separated 
from  the  body  of  which  it  originally  formed  a  part. 

"  On  the  Functions  of  the  Membrana  Tympani,  the  Ossicles 
and  Muscles  of  the  Tympanum,  and  of  the  Eustachian  Tube  in  the 
Human  Ear,  with  an  account  of  the  Muscles  of  the  Eustachian  Tube 
and  their  action  in  different  classes  of  Animals."  By  Joseph 
Toynbee,  Esq.,  F.R.S.  &c. 

The  author  commences  his  paper  bj' making  some  observations  on 
the  general  arrangements  of  the  ossicula  auditiis.  The  malleus  and 
incus  being  firmly  connected  together  by  ligaments,  are  considered 
as  a  single  bone,  forming  an  elastic  arch,  the  anterior  extremity  of 
which  is  firmly  attached  to  the  Glasserian  fissure,  the  posterior  to 
the  anterior  part  of  the  mastoid  cells.  This  arch  is  kept  steady  by 
the  actions  of  the  tensor  tympani.  The  movement  of  this  arch  is 
that  of  rotation ;  aud  it  is  effected  by  the  tensor  tympani  muscle. 
When  this  muscle,  contracts,  the  lower  part  of  the  arch,  consisting 
of  the  handle  of  the  malleus  and  the  long  process  of  the  incus,  is 
drawn  inwards  ;  by  this  action  the  membrana  tympani  is  rendered 
tense,  and  the  stapes  being  pressed  towards  the  cavity  of  the  laby- 
rinth, the  fluid  in  the  latter  is  compressed. 
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The  anatomy  and  attachments  of  the  stupes  are  next  minutely 
described.  The  base  of  this  bone,  generally  stated  by  writers  on 
the  physiology  of  the  ear  as  being  attached  to  the  margin  of  the 
fenestra  ovalis  by  a  simple  membrane,  ligmnentum  unnulare  haseos 
stapidis,  is  shown  to  possess  some  points  of  considerable  interest. 
Instead  of  a  simple  margin  to  which  the  ligament  above  noticed  is 
fixed,  the  base  of  the  stapes  is  stated  to  present  a  circumferential 
surface  for  articulation  with  the  fenestra  ovalis.  Tliis  circumferen- 
tial surface,  larger  at  the  anterior  and  posterior  extremities  than  in 
the  middle,  is  covered  by  articular  cartilage.  The  surface  of  the 
fenestra  ovalis,  to  which  the  circumference  of  the  base  of  the  stapes 
is  applied,  is  somewhat  larger  than  that  of  the  stapes.  It  is  smooth, 
has  a  very  compact  structure,  and  is  not  covered  by  cartilage. 

The  base  of  the  stapes  is  attached  to  the  fenestra  ovalis  by  two 
ligaments,  Tlie  inner  or  vestibular  ligament  passes  from  the  inner 
margin  of  the  fenestra  ovalis  to  the  inner  margin  of  the  circumferen- 
tial surface  of  the  base  of  the  stapes.  The  outer  one  passes  from 
the  outer  margin  of  the  fenestra  ovalis  to  the  corresponding  margin 
of  the  stapes.  These  two  circular  ligaments  leave  between  them  a 
space  which  may  be  considered  as  an  articular  cavity ;  this  cavity 
always  containing  a  sufficient  quantity  of  fluid  to  lubricate  the  arti- 
cular surfaces  of  the  bones. 

The  movements  of  the  stapes  are  of  two  kinds,  one  being  produced 
by  the  action  of  the  tensor  tympani,  the  other  by  the  stapedius 
muscle.  If  the  tensor  tympani  muscle  be  drawn  in  the  direction  of 
its  course,  while  the  cavity  of  the  vestibule  has  been  exposed  to 
view,  the  base  of  the  stapes  will  be  observed  to  be  slightly  projected 
towards  the  cavity  of  the  vestibule,  and  it  returns  to  its  normal  posi- 
tion as  soon  as  the  muscle  is  left  quiescent :  the  ligaments  above 
described  appear  to  be  the  organs  whereby  the  stapes  is  again 
drawn  outwards.  In  this  movement  the  stapes  may  therefore  be 
described  as  passing  to  and  fro  within  the  fenestra  ovalis,  as  a 
piston  does  in  a  cylinder.  The  second  movement  of  which  the  base 
of  the  stapes  partakes  is  one  of  rotation,  and  it  is  effected  by  the 
stapedius  muscle.  To  show  this  movement,  it  is  requisite  to  per- 
form one  or  two  careful  experiments.  The  stapedius  muscle  being 
exposed  in  its  canal,  while  the  stapes  is  left  undisturbed  in  the  tym- 
panic cavity  which  has  been  laid  open,  if  the  muscle  be  drawn  in 
the  direction  of  its  course,  the  anterior  crus  of  the  stapes  is  observed 
to  move  slightly  outwards  and  backwards.  In  what  manner  the 
base  of  the  stapes  is  affected  during  this  movement  of  the  crura  it  is 
difficult  to  decide,  but  it  would  appear  probable  that  its  anterior 
part  is  drawn  outwards  from  the  cavity  of  the  vestibule  while  the 
posterior  part  is  pressed  inwards,  though  to  a  less  extent.  That 
the  action  of  tlie  stapedius  muscle  is  to  relax  the  fluid  of  the  laby- 
rinth, is  however  shown  by  the  following  experiment.  The  tym- 
panic cavity  and  stapedius  muscle  being  ex2:)osed  to  view,  a  section 
is  to  be  made  through  the  cochlea,  a  small  portion  of  the  scala  ves- 
tihuli  being  left  continuous  with  the  cavity  of  the  vestibule.  If  the 
staj)edius  muscle  be  now  drawn  in  the  direction  of  its  course,  the 
fluid  in  the  cut  extremity  of  the  scala  vestibuli  is  observed  to  recede 
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slightly  towards  the  vestibule,  and  it  returns  to  its  former  position 
as  soon  as  the  stapedius  muscle  is  left  quiet.  A  second  action  of 
the  stapedius  muscle  is  to  act  as  a  laxator  of  the  membruna  tympani, 
and  it  thus  appears  that  the  stapedius  muscle  is  the  antagonist  of 
the  tensor  tympani ;  and  it  seems  to  be  brought  into  action  during  the 
act  of  listening,  while  the  tensor  tympani,  on  the  contrary,  contracts 
when  the  ear  has  to  be  protected  from  any  loud  vibrations. 

The  next  part  of  the  paper  is  devoted  to  the  consideration  of  the 
functions  of  the  membrana  tympani ;  which,  besides  the  one  usually 
ascribed  to  it,  viz.  of  receiving  the  sonorous  vibrations  from  the  air 
and  of  conducting  them  to  the  chain  of  bones  and  thence  to  the 
labyrinth,  the  author  considers  to  be  as  follows  : — 

1.  To  act  in  conjunction  with  the  ossicles  and  muscles  of  the 
tympanum  as  the  analogue  of  tlie  iris  in  the  eye,  and  to  exclude 
from  reception  by  the  labyrinth,  of  such  strong  vibrations  as  would 
be  injurious  to  its  integrity  ;  also,  in  exactly  opposite  circumstances, 
to  receive  the  most  faint  undulations,  which  would  not  be  perceived 
unless  the  membrana  tympani  were  rendered  less  tense  than  is  the 
case  in  ordinary  circumstances.  The  former  of  the  two  duties  is 
performed  by  the  tensor  tympani  muscle,  the  latter  bv  the  stapedius. 
'I'he  membrana  tympani  is  not  only  of  use  in  preventing  powerful 
sonorous  vibrations  from  compressing  too  forcibly  the  expansion  of 
the  auditory  nerve,  but  it  also  protects  the  labyrinth  from  the  forci- 
ble pressure  of  air  or  of  a  foreign  substance  in  the  meatus,  during  a 
blow  on  the  ear  or  the  introduction  of  a  solid  body  which  presses 
against  the  membrana  tympani. 

2.  I'he  membrana  tympani  shuts  out  the  air  in  the  meatus  from 
that  in  the  tympanic  cavit)',  and  by  this  means  an  atmosphere  of 
certain  physical  conditions  is  constantly  kept  in  contact  with  the 
membranes  between  the  tympanum  and  labyrinth. 

The  second  part  of  the  paper  is  devoted  to  the  examination  of  the 
Eustachian  tube  in  man  and  animals.  Anatomists  seem  to  have  in- 
ferred tliat  the  Eustachian  tubes  in  their  natural  state  are  constantly 
open,  and  that  the  air  of  the  tymi)anic  cavities  is  always  continuous 
with  that  in  the  fauces.  An  examination  of  the  guttural  portion  of 
the  Eustachian  tube  in  man  and  animals  has  led  the  author  to  con- 
clude, that  excepting  during  muscular  effort,  this  orifice  is  always 
closed,  and  that  the  tympanum  is  a  cavity  distinct  from  the  outer 
air.  The  agents  whereby  the  Eustachian  tubes  are  opened  in  the 
human  subject,  are  the  muscles  of  the  palate,  and  it  is  by  their 
action  during  the  process  of  swallowing  that  the  tubes  are  ordinarily 
opened.  That  the  act  of  swallowing  is  the  means  whereby  the 
Eustachian  tubes  are  ojjened,  is  shown  by  some  experiments  of  which 
the  following  may  be  cited.  If  the  mouth  and  nose  be  closed  du- 
ring the  act  of  swallowing,  a  sensation  of  fulness  and  distension  is 
jiroduced  in  the  ears  ;  this  arises  from  the  air,  which  is  slightly  com- 
pressed in  the  fauces,  passing  into  and  filling  the  tympanic  cavities ; 
upon  removing  the  hand  from  the  nose,  it  will  be  observed  that  this 
feeling  of  distension  does  not  disappear,  but  remains  until  the  act  of 
deglutition  is  again  performed,  but  while  the  nose  is  not  closed;  in 
this  experiment  the  Eustachian  tubes  were  opened  during  each  act 
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of  swallowing ;  but  during  the  first  act,  while  they  were  open,  air 
•was  forced  into  the  cavity  of  the  tympanum  by  the  contraction  of 
the  muscles  of  the  fauces  and  pharynx,  and  the  orifices  were  again 
closed,  and  remained  so  until  the  second  act  of  swallowing,  which 
opened  the  tube  and  allowed  the  air  to  escape.  That  the  act  of  de- 
glutition opens  the  Eustachian  tubes,  was  inferred  also  from  the  cus- 
tom usually  adopted  of  swallowing  while  the  descent  in  a  diving-bell 
is  performed ;  by  this  act  the  condensed  air  is  allowed  to  enter  the 
tympanum  and  the  sensation  of  pain  and  pressure  in  the  ears  is 
avoided.  The  author  then  proceeds  to  show  that  the  tensor  and 
levator  palati  are  the  muscles  which  are  attached  to  and  open  the 
Eustachian  tubes  in  man,  and  the  mode  in  which  they  act  is  pointed 
out. 

The  thi7-d  part  of  the  paper  is  devoted  to  the  examination  of  the 
Eustachian  tube  in  animals  ;  and  the  author  arrives  at  the  conclusion, 
that  in  Mammalia,  Birds,  and  those  reptiles  having  a  tympanic  cavity, 
the  Eustachian  tubes,  as  in  man,  are  closed  excepting  during  muscular 
effort.  In  some  mammalia  the  muscles  opening  the  tubes  are,  as  in 
man,  those  belonging  to  the  palate ;  in  others  the  function  is  per- 
formed by  the  superior  constrictor  of  the  pharynx.  In  birds  it  is 
shown  that  there  is  a  single  membranous  tube  into  which  the  two 
osseous  tubes  open ;  this  membranous  tube  is  situated  between,  and 
intimatelj^  adherent  to,  the  inner  surface  of  each  pterygoid  muscle, 
and  by  which  muscles  the  tube  is  opened. 

The  conclusion  respecting  the  influence  of  the  closed  Eustachian  tubes 
to  which  the  author  arrives,  is  that  the  function  of  hearing  is  best 
carried  on  while  the  tympanum  is  a  closed  cavity ;  that  the  analogy 
usually  cited  as  existing  between  the  ordinary  musical  instrument,  the 
drum  and  the  tympanum,  to  the  effect  that  in  each  it  is  requisite 
for  the  air  within  to  communicate  freely  with  the  outer  air,  is  not 
correct.  The  view  that  the  sonorous  vibrations  of  the  air  in  a  closed 
tympanic  cavity  are  more  effective  in  impressing  the  membrane  of 
thefenestra  rotunda  than  when  it  is  open  to  the  outer  air,  is  strength- 
ened by  the  performance  of  the  following  experiment  with  the  tuning- 
fork.  If  this  instrument  be  made  to  vibrate  by  striking  it  against 
a  firm  solid,  and  if  the  handle  be  then  placed  in  contact  with  the 
head,  the  sound  at  first  loud,  gradually  becomes  fainter,  and  soon 
ceases  to  be  heard  ;  if  at  the  moment  that  it  has  ceased  to  be  heard, 
a  finger  be  placed  over  the  tragus  of  one  ear,  and  firmly  pressed  so 
as  to  close  the  external  meatus  from  the  outer  air,  the  sound  of  the 
tuning-fork  is  again  heard,  and  continues  to  be  heard  for  some 
seconds  ;  thus  showing  that  the  sonorous  undulations  existing  in 
the  external  meatus  are  not  sufficiently  powerful  to  affect  sensibly 
the  mcmbranu  tympani  until  they  are  wholly  confined  by  the  walls 
of  the  tube  when  closed. 

The  leading  results  arrived  at  in  the  paper  are  as  follows  : — 

1.  That  a  principal  function  of  the  memhana  tympani  muscles 
and  ossicles  of  the  tympanum,  is  to  act  as  the  analogue  of  the  iris  in 
the  eye. 

2.  That  the  tensor  tympani  muscle,  by  drawing  tense  the  mem- 
hrana  tympani,  and  by  compressing  at  the  same  time  the  fluid  in  the 
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labyrinth,   protects    the   ear   from   the   injurious  influence  of  very- 
powerful  vibrations. 

3.  'I'he  stapedius  muscle,  by  slightly  relaxing  the  membrana 
tympani  and  the  fluid  of  the  labyrinth,  places  the  ear  in  a  position 
to  be  influenced  by  vibrations  of  a  most  delicate  character. 

4.  Another  function  of  the  membrana  tympani  is  to  form  part  of 
the  resonant  walls  of  the  closed  tympanic  cavity. 

5.  The  guttural  orifices  of  the  Eustachian  tubes  are  closed,  and  the 
tympanic  cavities  do  not  communicate  with  the  cavity  of  the  fauces 
excepting  during  certain  muscular  actions. 

6.  In  man  and  some  mammalia  the  Eustachian  tubes  are  opened 
by  the  muscles  of  the  palate,  in  other  animals  by  the  superior  con- 
strictor of  the  pharynx. 

7.  In  birds  there  is  a  membranous  tube  common  to  the  two 
osseous  Eustachian  tubes,  and  this  common  tube  is  opened  by  the 
action  of  the  internal  pterygoid  muscles. 

8.  For  the  function  of  hearing  to  be  perfect,  it  is  requisite  that 
the  tympanic  cavity  should  be  closed  from  the  outer  air. 

"  An  Experimental  Inquiry  undertaken  with  the  view  of  ascer- 
taining whether  any,  and  what  signs  of  current  Force  are  mani- 
fested during  the  organic  process  of  Secretion  in  living  animals  " 
(continued).  By  H.  F.  Baxter,  Esq,  Communicated  by  R.  B,  Todd, 
M.D.,  F.ll.S.  &c. 

The  present  communication  is  a  continuation  of  a  series  of  expe- 
riments, the  first  part  of  which  was  published  in  the  Phil.  Trans, 
for  the  year  1848.  The  object  is  to  show  that  the  changes  which 
occur  during  the  organic  process  of  secretion  in  living  animals  are 
accompanied  with  the  manifestation  of  current  force  ;  and  the  prin- 
cipal facts  upon  which  this  conclusion  is  founded  are  the  following  : — 
1st.  It  was  found  that  when  the  electrodes  of  a  galvanometer  are 
brought  into  contact  with  the  secreted  product  and  the  venous  blood 
flowing  from  the  same  organ,  an  eff'ect  upon  the  needle  is  produced, 
indicating  the  venous  blood  to  be  positive.  This  fact  was  estiiblished 
in  the  liver,  kidneys  and  mammary  gland. 

2ndly.  The  efi'ect  could  not  be  referred  to  the  heterogeneity  of  the 
fluids  without  assuming  that  the  blood  was  acid  and  combined  with 
the  secreted  product ;  nor  could  it  be  referred  entirely  to  thermo- 
electric eflTects,  inasmuch  as  the  current  varied  in  each  organ,  and 
was  capable  of  traversing  a  liquid  conductor.  The  eflfects,  however, 
may  be  partly  duj  to  catalytic  actions  on  the  combining  potcer  of  pla- 
tinum ;  and  this  last  supposition  tended  to  confirm  the  opinion  ori- 
ginally entertained  by  Wollaston,  that  the  changes  which  occur 
during  secretiun  are  analogous  to  those  which  take  place  in  the  de- 
composing cell  of  a  voltaic  circle. 

Without  giving  any  definite  opinion  as  to  the  lungs  performing 
the  oftice  of  a  secreting  organ,  it  was  found,  that  when  one  electrode 
was  in  contact  with  the  mucous  surface,  and  the  other  in  contact 
with  the  blood  in  the  ])ulmonary  veins,  an  eftect  occurred  upon  the 
needle  indicating  the  blood  (arterial)  to  be  positive.  Tliis  fact  ap- 
pears to  artbrd  some  explanation  of  the  failures  of  MuUer,  Pouillet 
and  of  the  author  in  his  early  attempts  to  obtain  evidence  of  current 
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force  being  manifested  when  a  circuit  was  formed  between  an  artery 
and  a  vein  in  the  living  animal. 

"  On  a  new  Series  of  Organic  Bodies  containing  Metals."  By 
Dr.  E.  Frankland,  Professor  of  Chemistry,  Owen's  College,  Man- 
chester,    Communicated  by  B.  C.  Brodie,  Esq.,  F.R.S. 

The  author  communicates  in  this  memoir  the  continuation  of  his 
researches,  a  preliminary  announcement  of  which  appeared  several 
years  ago,  upon  a  new  series  of  organic  compounds  closely  allied  to 
cacodyle  in  their  composition  and  properties,  and  which,  like  that 
body,  are  formed  by  the  union  of  the  alcohol  radicals  with  various 
metals,  and  are  distinguished  for  their  powerful  electro-positive  cha- 
racter, lliese  remarkable  compounds  are  procured  by  the  action  of 
heat  or  light  upon  their  proximate  constituents,  and  are  thus  distin- 
guished from  most  other  organic  compounds  of  this  nature  by  the 
manner  of  their  formation.  The  author  describes  seven  of  these 
compounds. 

StanethyUiim. — When  iodide  of  ethyle  and  metallic  tin  are  exposed 
to  the  influence  of  heat  or  light,  which  is  most  conveniently  done  in 
sealed  glass  tubes,  the  tin  gradually  dissolves  in  the  ethereal  liquid, 
which  finally  solidifies  to  a  mass  of  colourless  crystals.  A  quantity 
of  gas,  comparatively  very  small,  is  generated  at  the  same  time. 
This  gaseous  product  of  the  reaction  proved,  on  analysis,  to  be  a 
mixture  of  hydride  of  ethyle  and  defiant  gas,  produced  from  the  de- 
composition of  iodide  of  ethyle  by  tin  into  iodide  of  tin  and  ethyle, 
which  last  is  transformed  at  the  moment  of  its  liberation  into  the 
two  gases  just  mentioned.  The  principal  and  most  important  re- 
action, however,  consists  in  the  direct  union  of  tin  with  iodide  of 
ethyle,  giving  rise  to  a  crystalline  body  which  is  the  iodide  of  a  new 
organic  radical,  stanethylium. 

By  double  decomposition  the  other  compounds  of  stanethylium 
can  be  readily  formed  ;  the  author  has  prepared  and  described  the 
oxide,  chloride,  bromide  and  sulphide  of  stanethylium  ;  these  bodies 
exhibit  a  striking  resemblance  to  the  corresponding  bi-compounds  of 
tin,  but  are  distinguished  from  them  by  a  peculiar  pungent  and  irri- 
tating odour  resembling  that  of  the  volatile  oil  of  mustard. 

If  a  slip  of  zinc  be  immersed  in  a  solution  of  chloride  of  stan- 
ethylium, dense  oily  drops  soon  form  on  the  surface  of  the  zinc,  and 
finally  collect  at  the  bottom  of  the  vessel.  This  oily  liquid  is  the 
radical  stanethylium,  which  possesses  the  following  properties: — it 
exists  at  ordinary  temperatures  as  a  thick  heavy  oily  liquid  of  a 
yellow  or  brownish-yellow  colour,  and  an  exceedingly  pungent 
odour  resembling  that  of  its  compounds,  but  much  more  powerful. 
It  is  insoluble  in  water,  but  soluble  in  alcohol  and  ether.  At  about 
150°  C.  it  enters  into  ebullition,  but  is  simultaneously  decomposed, 
metallic  tin  being  deposited.  In  contact  with  air  stanethylium 
rapidly  absorbs  oxygen,  and  is  converted  into  oxide  of  stanethylium. 
Chloride,  iodide  and  bromide  of  stanethylium  are  instantaneously 
formed  by  the  action  of  chlorine,  iodine  and  bromine,  or  their  hydro- 
gen acids  respectively,  upon  stanethylium.  The  two  first  are  in 
every  respect  identical  with  the  salts  above  mentioned,  and  the  iden- 
tity of  the  bromide  is  further  proved  by  an  ultimate  analysis.     The 
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formula  of  stanethylium  is  C^  H^  Sn ;  that  of  the  oxide  C4  H5  SnO, 
and  that  of  the  bromide  C^  H^  Sn  Br.  Stanethylium  therefore  per- 
fectly resembles  cacodyle  in  its  reactions,  combining  directly  with 
the  electro-negative  elements,  and  regenerating  the  compounds  from 
which  it  has  been  derived. 

Stanmethylium  and  stanamylium  are  formed  when  the  iodides  of 
methyle  and  amyle  respectively  are  exposed  to  the  action  of  light  in 
contact  with  tin  ;  their  salts  are  isomorphous  with  those  of  stanethy- 
lium, but  they  have  not  yet  been  completely  investigated. 

Zincmethylium. — This  radical  is  formed  in  an  uncombined  state 
when  iodide  of  methyle  and  zinc  are  exposed  to  a  temperature  of 
about  150°  C.  in  a  sealed  tube  ;  the  zinc  gradually  dissolves  with 
an  evolution  of  gas,  whilst  a  mass  of  white  crystals  and  a  colourless 
mobile  liquid  refracting  light  strongly,  occupy,  after  a  few  hours, 
the  place  of  the  original  materials.  In  this  reaction  two  distinct 
decompositions  take  iDlace,viz.  the  decomposition  of  iodide  of  methyle 
by  zinc  with  the  production  of  iodide  of  zinc  and  liquid  zincmethy- 
lium, and  the  decomposition  of  iodide  of  methyle  by  zinc  with  the 
formation  of  iodide  of  zinc  and  the  gaseous  radical  methyle.  The 
zincmethylium  was  obtained  pure  by  distillation  in  an  atmosphere 
of  dry  hydrogen.  Its  formula  is  C,  H3  Zn,  and  it  possesses  the  fol- 
lowing properties.  It  is  a  colourless,  transparent  and  very  mobile 
liquid,  possessing  a  peculiar  penetrating  and  insupportable  odour, 
and  boiling  at  a  low  temperature.  Zincmethylium  combines  directly 
with  oxygen,  chlorine,  iodine,  &c.,  forming  somewhat  unstable  com- 
pounds. Its  affinity  for  oxygen  is  even  more  intense  than  that  of 
potassium  ;  in  contact  with  atmospheric  air  it  instantaneously  ig- 
nites, burning  with  a  beautiful  greenish  blue  flame,  and  forming 
"white  clouds  of  oxide  of  zinc ;  in  contact  with  pure  oxygen  it  burns 
with  explosion,  and  the  presence  of  a  small  quantity  of  its  vapour  in 
combustible  gases  gives  them  the  property  of  spontaneous  inflamma- 
bility in  oxygen.  Thrown  into  water,  zincmethylium  decomposes 
that  liquid  with  the  evolution  of  heat  and  light ;  when  this  action  is 
moderated,  the  sole  products  of  the  decomposition  are  oxide  of  zinc 
and  hydride  of  methyle. 

The  extraordinary  affinity  of  zincmethylium  for  oxygen,  its  pecu- 
liar composition,  and  the  facility  with  which  it  can  be  procured,  can- 
not fail  to  cause  its  emjjloyment  for  a  great  variety  of  transforma- 
tions in  organic  compounds  ;  by  its  agency  there  is  every  probability 
that  oxygen,  chlorine,  &c.  can  be  replaced  atom  for  atom  by  methyle, 
and  thus  entirely  new  series  of  organic  compounds  will  be  produced, 
and  clearer  views  of  the  rational  constitution  of  others  be  obtained. 

The  gaseous  methyle  formed  simultaneously  with  zincmethylium 
is  identical  in  composition  and  j^i'operties  with  the  methyle  derived 
from  the  electrolysis  of  acetic  acid  ;  it  was  mixed,  however,  with 
hydride  of  methyle  generated  by  the  decomjjosition  of  accompanying 
zincmethylium  vapour  by  the  water  over  which  the  gas  was  col- 
lected. 

Zincethylium  and  zincamylium  are  homologous  bodies  formed  by 
similar  processes;  their  investigation  is  not  yet  completed. 

HydrarcjijromethjUum. — The  author  has  only  yet  studied  the  iodide 
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of  this  radical,  which  is  formed  bj'  the  action  of  sunlight  upon  iodide 
of  methyle  and  metallic  mercury.  After  an  exposure  of  several  days 
to  sunlight,  white  crystals  begin  to  form  in  the  liquid,  which  finally 
solidifies  to  a  white  crystalline  mass ;  ether  dissolves  out  the  new 
compound  and  deposits  it  perfectly  pore  by  spontaneous  evaporation. 
Iodide  of  hj'drargjTomethylium  (Co  H^  Hgl)  is  a  white  solid, 
crj'stallizing  in  minute  nacreous  scales,  which  are  insoluble  in  water, 
moderately  soluble  in  alcohol,  and  very  soluble  in  ether  and  iodide 
of  methyle  ;  it  is  slightly  volatile  at  ordinary  temperatures,  and  ex- 
hales a  weak  but  peculiarly  unpleasant  odour,  which  leaves  a  nau- 
seous taste  upon  the  palate  for  several  days.  At  100°  C.  the  vola- 
tility is  much  greater,  and  the  crystals  are  rapidly  dissipated  at  this 
temperature  when  exposed  to  a  current  of  air.  At  143°  C.  it  fuses 
and  sublimes  without  decomjjosition,  condensing  in  brilliant  and  ex- 
tremely thin  crystalline  plates.  In  contact  with  the  fixed  alkalies 
and  ammonia  it  is  converted  into  oxide  of  hydrargyromethylium, 
which  is  dissolved  by  an  excess  of  all  these  reagents. 

A  corresponding  compound  containing  amyle  is  formed,  though 
with  difficulty,  under  similar  circumstances,  but  the  attempts  to  form 
one  containing  ethyle  have  not  yet  been  successful.  Preliminary 
experiments  have  also  been  made  with  other  metals,  amongst  which 
arsenic,  antimony,  chromium,  iron,  manganese  and  cadmium  promise 
interesting  results. 

From  a  I'eview  of  the  composition  and  habits  of  all  the  organo- 
metallic  bodies  and  their  compounds  at  present  known,  the  author 
is  of  opinion  that  the  view  most  generally  held  respecting  the  con- 
stitution of  cacodyle,  according  to  which  that  radical  is  a  conjugate 
compound  consistingof  arsenic  conjugated  with  two  atoms  of  methyle, 
and  which  view  must,  if  true,  be  applied  to  all  the  organo-metallic 
bodies,  is  no  longer  tenable ;  and  he  contends  that  the  behaviour  of 
these  bodies  clearly  indicates  that  they  are  compounds  formed  upon 
the  type  of  the  oxides  of  the  respective  metals,  a  portion  of  the  oxygeu 
being  replaced  by  the  several  radicals,  methyle,  ethyle  and  amylc ; 
the  establishment  of  this  new  view  of  their  constitution  will  remove 
these  bodies  from  the  class  of  organic  radicals,  and  place  them  in  the 
most  intimate  relation  with  ammonia  and  the  bases  of  Wurtz,  Hof- 
mann  and  Paul  Thenard;  indeed  the  close  analogy  between  stibethine 
and  ammonia  first  suggested  by  Gerhardt,  has  been  most  satisfac- 
torily demonstrated  by  the  behaviour  of  stibethine  with  the  haloid 
compounds  of  methyle  and  ethyle.  Stibethine  furnishes  us  therefore 
with  a  remarkable  example  of  the  law  of  symmetrical  combination, 
and  shows  that  the  formation  of  a  five-atom  group  from  one  con- 
taining three  atoms  can  be  effected  by  the  assimilation  of  two  atoms, 
either  of  the  same  or  of  opposite  electro-chemical  character :  this 
remarkable  circumstance  suggests  the  following  question.  Is  this 
behaviour  common  also  to  the  corresponding  compounds  of  arsenic, 
phosphorus  and  nitrogen,  and  can  the  position  of  each  of  the  five 
atoms  with  which  these  elements  respectively  combine  be  occupied 
indifferently  by  an  electro-negative  or  an  electro-positive  element  ? 
This  question,  so  important  for  the  advance  of  our  knowledge  of  the 
organic  bases  and  their  congeners,  cannot  now  long  remainunanswered. 
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"  On  the  Dentate  Body  of  the  Cerebellum."  Bv  William  Brinton, 
M.D.     Communicated  by  R.  B.  Todd.  AI.D.,  F'R.S.  &c. 

The  corpus  dentatum  has  generally  been  described  and  i-ecognised 
as  a  wavy  line  or  lamina  of  grey  matter,  which  is  seen  in  certain 
sections  of  the  crus  of  the  cerebellum,  and  contains  fibres  apparently 
derived  from  the  restiform  body,  and  the  processus  e  cerebello  ad 
testes.  Reil's  account,  with  some  vague  and  conflicting  details,  gives 
it  a  more  definitely  tubular  form,  although  he  is  apparently  not  cer- 
tain of  the  continuity  of  its  upper  and  lower  layers  posteriorly. 

The  author  explains  these  somewhat  varying  descriptions  by  the 
])hysical  characters  of  the  tissues  investigated,  and  by  the  condition 
— fresh  or  hardened  in  spirit — of  the  specimens  examined  by  differ- 
ent anatomists. 

He  deduces  the  form  and  situation  of  the  recent  corpus  dentatum 
by  uniting  numerous  and  successive  sections  made  in  the  three  direc- 
tions of  space*.  Its  arrangement  with  respect  to  the  fibres  of  the 
cerebellum,  cerebrum,  medulla  oblongata,  and  medulla  spinalis,  is 
chiefly  deduced  from  examinations  of  specimens  hardened  in  al- 
cohol. 

By  these  two  methods  he  is  led  to  the  following  conclusions,  that 
each  corpus  dentatum  forms  a  tubular  investment  to  the  extremity 
of  the  processus  e  cerebello  ad  testem ;  it  is  open  towards  the  fourth 
ventricle,  and  is  connected  with  the  opposite  body  by  a  commissure 
of  grey  matter  m  its  median  line.  While  its  interior  exclusively 
receives  the  fibres  of  this  cerebro-cerebellar  peduncle,  its  exterior 
radiates  fibres  to  the  various  lobes  of  the  cerebellum,  which  fibres, 
at  the  bottom  of  each  lobe-stem,  become  inseparably  mixed  with  a 
bundle  from  the  restiform  body,  and  with  another  from  the  pons 
varolii. 

Its  comparative  anatomy  in  mammalia  corresponds  with  this  view ; 
its  minute  anatomy  does  not  contradict  it.  And  while  the  physiolo- 
gical import  of  this  arrangement  eludes  all  conjecture,  the  author  has 
little  doubt  that  its  anatomical  structure  and  relations  are  best  com- 
prehended in  the  formula  which  he  would  thus  assign  to  it,  viz.  that 
of  being  the  cerebro-cerebellar  ganglion. 

"  Proof  of  a  sensible  difference  between  the  Mercurial  and  Air- 
Thermometers  from  0°  to  100°  C."  By  J.  J.  Waterston,  Esq. 
Communicated  by  Colonel  Sabine,  R.A.,  Treas.  V.P.R.S.  &c. 

This  paper  has  reference  to  a  former  communication  "  On  a  Ge- 
neral Law  of  Density  in  Saturated  "N'^aj^ours."  In  the  present  paper 
the  author  states  that  the  formulae  that  embrace  MM.  Dulong  and 
Petit's  four  standard  mean  values  of  the  relative  expansion  of  air, 
mercury  and  glass,  exhibit  the  temperature  by  the  air-thermometer  in 
advance  of  the  mercurial  thermometer,  between  0°  and  100°  C.  The 
amount  of  difference  increases  from  0°  to  48°,  and  then  diminishes 
to  100°;  the  maximum  value  being  0°'513.  The  most  eminent 
modern  authorities  deny  the  existence  of  any  such  difference,  or 
appear  tacitly  to  admit  that  it  is  too  small  to  be  observed.     For 

*  Diagrams  to  this  eflfect  accompanied  the  paper. 
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this  reason  no  correction  was  made  on  temperatures  below  100°  in 
Chart  No.  2,  where  indeed  it  could  hardly  be  jjerceptible.  Al- 
though of  little  practical  importance,  this  difference,  if  it  exists, 
cannot  safely  be  neglected  in  theoretical  researches,  inasmuch  as 
the  value  of  a  degree  of  the  mercurial  thermometer  must  in  such 
case  be  a  variable  quantity,  differing  in  the  ratio  of  23  to  24  from 
100°  C.  to  0°. 

Having  at  last  obtained  satisfactory  proof  of  the  existence  and 
amount  of  the  correction  between  0°  and  100°,  he  has  thought  it  of 
sufficient  importance  to  give  a  detailed  account  of  the  method  em- 
ployed to  extract  the  required  evidence  from  M.  llegnault's  obser- 
vations on  the  tension  of  low  pressure  steam. 

As  the  law  of  density,  illustrated  in  Chart  No.  2,  has  clearly  refer- 
ence to  the  air- thermometer,  if  a  series  of  observations  were  perfectly 
correct,  they  must  perfectly  exhibit  this  difference — if  it  really  exists 
— when  projected  on  the  chart ;  because  the  divergence  from  the 
line  that  joins  the  points  at  0°  and  100°  must  exactly  correspond 
with  the  correction  required  at  the  intermediate  temperatures.  In 
short,  the  line  of  density  would  appear  as  a  curve  slightly  concave 
towards  the  axis,  and  if  the  proper  correction  were  made  on  the 
temperatures,  that  curve  would  be  converted  into  a  straight  line. 
This  view  is  illustrated  by  a  sketch,  in  wliich  the  curvature  is  pur- 
posely much  exaggerated.  In  this  a  straight  line  is  drawn,  as  the 
gradient  of  density,  and  in  which  the  points  range  if  the  tempe- 
ratures are  by  the  air-thermometer.  This  line  is  inclined  to  the 
axis  X  of  temperature,  at  an  angle  of  which  A  is  the  cotangent  (see 
'  Proceedings,'  vol.  vi.  p.  98).  At  points  in  it  corresponding  to 
temperatures  50°,  60°,  70°,  &c.,  straight  lines  are  drawn  parallel  to 
the  axis  x ;  and  at  distances  in  these  equal  to  tlie  respective  com- 
puted differences,  straight  lines  are  drawn  at  right  angles  to  the 
axis  X,  and  meeting  the  lines  of  constant  pressure  drawn  through 
the  corresponding  points  of  the  straight  line  which  represents  the 
gradient  of  density.  The  curved  line  passing  through  the  points  of 
intersection,  is  that  in  which  the  points  of  density  range  if  laid  off 
to  the  temperatures  by  the  mercurial  thermometer. 

The  author  then  states  that  the  first  attempt  was  made  by  ob- 
taining the  val-ae  of  the  constants  g  and  li  ('  Proceedings,'  vol.  vi. 
p.  98)  from  the  observation  at  50°  and  100° ;  then  computing  the 
intermediate  tensions  at  G0°,  70°,  &c.,  and  comparing  them  with  ob- 
servation.    The  result  is  given  in  the  following  table :  — 

Table  I, 


50^= 
91-98 
91-98 

60° 
148-52 
148-79 

70° 
232-22 
233-09 

75° 

287-27 
288-50 

80° 
353-06 
354-64 

90° 
523-71 
525-45 

100° 

760 

760 

Temp,  by  mercurial  therm. 
Computed  tensions. 
Observed  tensions. 

0 

+0-27 

+0-87 

-1-1-23 

+  1-58 

+  1-74 

0 

Difference. 

The  same  operations  were  performed  with  temperatures  corrected. 
The  result  is  given  in  the  following  table  :  — 
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50^ 

50°-512 
91-98 
91-98 

60° 

60°-481 
149-03 
148-79 

70° 

70°-413 
233-30 
233-09 

75°            80° 
75''-306      80°-310 
288-60       354  60 
288-50       351-64 

90° 

90°-171 
525-09 
525-45 

100° 
100 
760 
760 

Temp,  by  mere,  therm. 
Temp,  by  air-therm. 
Computed  tension. 
Observed  tension. 

0 

-0-24 

-0-21 

-0-10       +0-04 

+  0-36 

0 

Difference. 

It  is  remarked  that  the  differences  in  the  first  table  show  a  distinct 
curvature  with  reference  to  the  chord  ;  while  in  the  second  table  the 
accordance  with  the  straight  line  is  as  perfect  as  could  be  expected. 
With  the  view  of  bringing  these  facts  out  into  higher  relief  and 
presenting  the  deflection  to  the  ej'e  on  a  scale  that  should  at  once 
be  relatively  correct  and  verj^  highl}-  magnified,  the  author  computed 
six  values  of  h  from  the  observations  at  90°  and  100°,  at  80°  and 
100°,  &c.,  without  correcting  the  temperatures,  bj'  the  formula 

t-i—tx 


h= 


U 


These  are  given  in  the  following  table ;  they  are  quantities  propor- 
tional to  the  cotangents  of  the  inclination  of  the  chords  to  the  axis 
of  temperature. 

Tahle  III. 


50°        1    60°             70°            75°            80° 
158-854  1  159-025  ;  159357     159571    159-816 

90° 
160-387 

lll°-74 

165-406 

Temp,  by  mere,  t  her. 
Values  of  //. 

0          +0-171     +0-503 

+0-717     +0-902 

+  1-533 

+6-552 

Diff.  from  h  at  50°. 

The  differences  in  this  table  are  progressively  increasing,  and  their 
relation  to  each  other  is  very  nearly  that  of  the  corresponding  dif- 
ferences of  the  inclination  of  the  chords.  They  are  represented  by 
these  inclinations  in  a  figure,  and,  in  order  to  render  the  divergence 
from  a  straight  line  more  manifest,  the  scale  taken  is  10°  angular 
measure  to  the  unit  of  difference,  the  length  of  the  chords  corre- 
sponding with  the  intervals  of  temperature  below  100°.  Joining 
the  extremities  of  the  chords,  a  magnified  view  is  obtained  of  the 
curve  determined  from  observations  with  temperatures  uncorrected. 
On  this  the  author  remarks,  that  if  the  temperatures  required  no 
correction,  the  points  so  determined  would  lie  in  a  straight  line, 
always  taking  for  granted  the  integrity  of  the  law  of  density  and  the 
perfect  accuracy  of  the  observations. 

The  next  stej)  was  to  perform  the  same  computation  with  tem- 
peratures corrected.  The  resulting  values  of  //  are  given  in  the 
following  table  : — 

Table  IV. 


50°  60° 

56°-512;    60°-481 
157121    156-983 


0 


-0-138 


70°  75°  80°  90°  lll°-74  iTcmp.bvmerc.thcr. 

70°-413      75°-366i    80^-310     90°-171  lll°-50  ;Temp.  by  air-tberm. 
157006     157-053     157-155     157-428  |161-73S  Values  of  A. 


-0-115     -0-068  1   -1-0-024  i  +0307       4-617 


Diff.  from  h  at  50°. 
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The  difference  between  h  at  50°  in  the  two  tables  being  1*733.  a 
straight  line  is  drawn  from  the  point  corresponding  to  100°,  making 
an  angle  of  17°'33,  with  the  chord  for  50°  in  the  uncorrected' tem- 
peratures ;  and  lines  are  drawn  from  the  same  point  making  angles 
1°"3S,  1°'15,  0°"68,  &c.  with  this  line,  the  intersections  of  which 
with  the  distances  or  chords  corresponding  to  the  temperatures, 
give  the  points  which  represent  on  the  same  magnified  scale,  the 
observations  with  the  temperatures  corrected.  The  author  remarks 
that  the  line  joining  these  points  represents  the  empirical  law  of 
density,  and  that  its  relation  to  the  standard  right  line  for  the  tem- 
perature 50°  is  precisely  what  might  be  expected  to  subsist  between 
the  empirical  and  true  curve  of  tension.  It  intersects  that  line — and 
intersection,  not  contact,  is  the  character  of  empirical  formulae — at 
50°,  75°,  and  100°,  and  at  intermediate  temperatures  diverges  from 
it  to  the  extent  of  about  ^jyth.  of  a  degree  at  the  maximum. 

Thus,  he  states,  M.  Regnault's  observations  between  50°  and  100° 
afford  a  distinct  answer  to  the  inquiry  in  the  affirmative,  and  it  seems 
no  longer  possible  to  doubt  that  there  is  a  difference  between  the 
mercurial  and  air-thermometers  below  100°;  and  that  its  amount 
does  not  sensibly  differ  from  the  formulae  that  embrace  MM.  Dulong 
and  Petit's  standard  observations.  He  annexes  these  formulae  in  a 
combined  form  adapted  to  the  Centigrade  scale. 

t„^^^^-'l-'jt (1) 

A-t,     C3     D  ^  ' 

/„=temperature  by  air-thermometer  ....     log  B  =3'7145723 
^„= temperature  by  mercurial  thermometer         A  =4539°*617 

log  C3  =  6-43303 
logD  =0-78587 
It  would  be  more  convenient  if  we  could  express  t^  in  terms  of  t„^ , 
but  this  can  only  be  done  approximatively,  as  in  the  following : 


(2) 


If  greater  accuracy  is  required,  the  rule  is  to  find  t^  from  t„  by 
(2),  then  substitute  it  in  (1),  and  compute  /„, ;  this  compared  with 
the  true  value  shows  the  alteration  to  be  made  in  /„  to  obtain  its 
true  value. 

In  conclusion  the  author  observes,  it  might  be  expected,  without 
reference  to  theory,  that  the  curve  deduced  from  the  uncorrected 
temperatures  should  not  show,  in  its  continuation  above  100,  any 
abrupt  divergence  from  its  regular  course ;  nevertheless  from  100°  to 
111-74  the  direction  of  the  chord  shows  such  a  break  in  the  law  of 
continuity,  and  which  there  appears  no  way  of  accounting  for,  unless 
by  a  fault  in  the  observations  above  100°.  Their  divergence  from 
the  law  of  density  ia  shown  in  the  Chart. 
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ox  THE  PERIODIC  RETURN  OF  THE  MINIMUM  OF  SUN-SPOTS; 
THE  AGREEMENT  BETWEEN  THOSE  PERIODS  AND  THE  VARIA- 
TIONS OF  MAGNETIC  DECLINATION.       BY  ROD.  WOLF. 

SINCE  the  time  when  the  Academy  was  pleased  to  take  an  interest 
in  my  observations  establishing  a  relation  between  sun-spots  and 
terrestrial  magnetism,  I  have  continued  the  study  of  these  phsenomena, 
and  have  examined  at  least  four  hundred  volumes,  in  order  to  make 
myself  acquainted  with  all  the  observations  of  sun-spots.  The  result 
is  a  memoir,  which  I  shall  shortly  complete,  the  contents  of  which 
appear  to  me  of  sufficient  importance  to  warrant  my  presenting  a 
brief  report  of  them.  The  memoir  is  divided  into  six  sections,  as 
follows  :  — 

In  the  first  chapter  it  is  proved,  by  means  of  the  six  different 
epochs  established  by  the  minimum  and  maximum  of  sun-spots,  that 
the  mean  duration  of  sun-spots  may  be  fixed  at  11  •  11 1  =0"03S  year, 
so  that  nine  periods  are  exactly  equivalent  to  a  century. 

In  the  second  chapter  it  is  proved,  that  in  each  century  the  years 
0-00,  11-11,  22-22,  33-33,  44-44,  55-56,  66-67,  77-78,  88-89  cor- 
respond to  the  minimum  of  sun-spots.  The  interval  between  the 
minimum  and  the  succeeding  maximum  varies.  The  mean  is  five 
years. 

The  third  chapter  contains  an  enumeration  of  all  the  observations 
of  sun-spots  from  the  time  of  Fabricius  and  Scheiner  to  Schwabe, 
always  placed  parallel  with  my  periods.  The  agreement  is  astonishing. 

The  fourth  chapter  establishes  the  remarkable  analogies  between 
the  sun-spots  and  the  variable  stars,  from  which  it  may  be  admissible 
to  infer  an  intimate  connexion  between  these  singular  phaenomena. 

The  fifth  chapter  demonstrates  that  my  period  of  irill  years 
coincides  still  more  exactly  with  the  variations  of  the  magnetic  de- 
clination than  the  period  of  IQi  years  assumed  by  M.  Lamont.  The 
magnetic  variations  even  follow  the  sun-spots,  not  only  in  their 
regular  changes,  but  also  in  all  their  smaller  irregularities  ;  and  I 
think  that  this  latter  remark  will  suffice  to  j^rove  this  important 
relation. 

The  sixth  chapter  treats  of  a  comparison  between  the  solar 
period  and  the  meteorological  indications  contained  in  a  Zurich  re- 
gister for  the  years  1000-1 SOO.  The  result  is,  in  accordance  with  the 
idea  of  Sir  W.  Herschel,  that  the  years  in  which  the  spots  are  more 
numerous  are  also  drier  and  more  fertile  than  others ;  the  latter,  on 
the  contrary,  being  moister  and  stormy.  The  aurora  borealis  and 
earthquakes  mentioned  in  that  register  predominate  strikingly  in  the 
years  of  sun-spots. — Comptes  Rendus,  vol.  xxx.  pj).  19,  705. 


RESULT  OF  SOME  EXPERIMENTS  ON  THE  CHEMICAL  ACTION  OF 
LIGHT.  BY  J.  W.  SLATER,  ESQ. 
These  experiments  were  uiidertiken  chietiy  in  order  to  examine 
the  law  proposed  by  Grothuss,  that  substances  are  most  readily  de- 
colorized by  rays  of  light  of  a  colour  complementary  to  their  own. 
The  solutions  used  for  isolating  the  diflPerent  rays  were,  bichromate 
of  potash  for  vellow,  mixed  chlorides  of  copper  and  iron  for  green, 
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ammonio-sulphate  of  copper  for  blue,  sulphuric  tincture  of  roses  for 
red,  aud  water  with  a  little  nitric  acid  for  white.  The  vessels  con- 
taining these  solutions  stood  on  a  shelf  about  12  feet  from  the 
ground,  aud  liad  free  sunshine  through  the  day.  In  the  first  place, 
five  test-tubes  containing  a  strong  solution  of  permanganate  of  pot- 
asii  were  placed  respectively  in  the  five  rays.  The  order  of  decom- 
position was  blue,  red,  white,  green,  yellow.  The  two  first  were 
nearly  colourless  on  the  third  day,  and  on  the  seventh,  when  opened 
and  tested,  contained  no  manganese  in  solution.  The  white  and 
green  were  not  entirely  decomposed  till  the  twenty-second  day,  and 
the  yellow  after  eight  weeks  still  contained  much  permanganic  acid. 
In  order  to  determine  what  was  the  effect  of  free  contact  with  the 
atmosphere  upon  actinic  decompositions,  two  tubes  containing  solu- 
tion of  |)ermanganate,  the  one  sealed,  the  other  open,  were  fixed  in 
phials  of  the  amnionio-sulphate  of  copper,  and  cemented  to  the  necks 
so  as  to  prevent  the  escape  of  ammoniacal  fumes.  In  about  eight 
hours  the  solution  in  the  sealed  tube  had  become  colourless,  whilst 
the  other  retained  a  deep  red  tinge.  Peroxide  of  mercury  exposed 
to  blue  light  in  a  sealed  tube  was  much  blackened  in  four  days, 
whilst  a  similar  portion  in  an  open  tube  was  not  affected.  Periodide 
of  mercury  (prepared  by  trituration)  in  sealed  tubes  and  dry  gave 
the  following  order  of  action, — blue,  red,  white,  green,  yellow; 
the  action  of  the  two  latter  rays  being  hardly  perceptible,  and  pos- 
sibly ilue  to  small  portions  of  blue  and  red  light  which  had  not  been 
absorbed  by  the  solutions.  In  unsealed  vessels  the  action  was  rather 
less  rapid.  Covered  with  water,  the  iodide  was  not  affected  by  any 
of  the  rays.  This  salt  is  far  more  stable  than  is  generally  asserted. 
The  sample  used  in  these  experiments  had  been  kept  for  ten  years 
in  diffused  light  without  any  alteration,  and  even  in  the  blue  ray  an 
exposure  of  several  weeks  was  required  to  produce  any  great  effect. 
Periodide  obtained  by  precipitation  seemed  rather  less  stable. 

Iodide  of  starch,  perfectly  dry,  gave  the  following  order: — 
blue,  red,  white,  yellow,  green.  The  decomposition  under  the  two 
latter  rays  was  very  slow  and  imperfect.  When  moist,  the  iodide 
was  bleached  far  more  rapidly  than  when  dry  ;  more  rapidly  also  in 
open  than  in  clo.<e(I  tubes.  Perchloride  of  mercury  was  acted  on  as 
follows : — blue,  red,  white,  green.  The  yellow  ray  caused  no  per- 
ceptible formation  of  protochloride.  This  substance,  under  the  blue 
ray,  gives  false  results  if  not  perfectly  screened  from  ammoniacal 
vapours.  Peroxide  of  mercury  gave  blue,  red  (considerable),  white, 
green,  yellow  (very  slight).  Alcoholic  tincture  of  the  green  colouring 
matter  of  leaves  was  decomposed  very  rapidly,  and  almost  simulta- 
neously in  all  the  rays;  apparent  order,  white,  red,  yellow,  green, 
blue.  Alcoholic  sulphocyanide  of  iron  gave — white,  blue,  yellow, 
green,  red.  To  determine  whether  the  actinic  decomposition  of 
solutions  was  in  any  way  influenced  by  their  degree  of  concentra- 
tion, seven  sealed  phials  were  placed  in  white  light,  each  containing 
40  parts  by  measure  of  concentrated  aqueous  solution  of  perchloride 
of  mercury.  To  No.  2  had  been  previously  added  20  volumes  of 
distilled  water;  No.  3,  40  pts.  ;  No.  4,  80  pts. ;  No.  5,  120  pts.; 
No.  6,  160  pts. ;  No.  7,  3S0  pts.  The  decomposition  was  most  rapid 
in  No.  6,  then  Nos.  5  and  ^.     The  statement  that  the  blue  ray  de- 
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prives  salts  of  their  Mater  of  crystallization,  could  not  be  verified 
with  oxalate  of  ammonia  and  ferrocyanide  of  potassium.      Weiglied 
portions  of  these  salts,  placed  respectively  nnder  blue,  white  and 
green  glasses,  were  found  at  the  end  of  a  month  to  have  suffered  no 
change  in  weight.     It  has  been  observed  by  Hunt,  that  a  solution 
of  bichromate  of  potash    gives  a  greenish-yellow  precipitate  with 
sulphate  of  copper  in  the  sunshine.     This  was  found  to  take  place 
almost  equally  in  all  the  rays,  wliether  in  sealed  or  open  vessels, 
though  a  little  earlier  in  the  former.     The  action  was  found  more 
rapid  and  more  complete  in  dilute  than   in  concentrated  solutions. 
The  latter,  after  liaving  ceased  to  deposit,  give  a  further  amount  of 
precipitate  if  diluted.     There  is  a  considerable  effervescence  in  the 
liquid,  caused  by  the  escape  of  oxygen  gas.     The  precipitate  is  at 
first  of  a  greenish  yellow,  but  becomes  a  yellowish-brown  when  dry, 
and  shrinks  greatly  in  bulk.     Solutions  of  sulphate  of  copper  and 
of  bichromate,  exposed  separately  to  the  sun,  and  then  mixed  in  the 
dark,  give  the  same  precipitate  ;  but  if  prepared  in  the  dark,  no  per- 
ceptible precipitate  is  obtained,  even  on  long  standing.    If  the  mix- 
ture is  boiled,  however,  a  precipitate  appears.     If  the  precipitate 
formed  by  the  action  of  the  sun  is  removed  and  the  liquid  boiled,  a 
precipitate  appears  of  a  redder  shade,  probably  identical  with  Bensch's 
chromate  of  copper.    I  have  not  as  yet  obtained  a  quantity  sufficient 
for  analysis,  either  of  this  or  of  the  former  precipitate.     Whether 
the  electric  and  hygrometric  conditions  of  the  atmosphere  exert  any 
influence  upon  actinic  decompositions,  I  have  not  been  able  to  de- 
termine with  certainty. — From  theChemicalGazeltefor  Sept.l,  1852. 


NOTE    ON    THE    INDUCED    CURRENTS  PRODUCED  BY  THE  TORSION 
OF  IRON.       BY  G.  AVERTHEIM. 

It  has  long  been  known  that  an  iron  wire  submitted  to  the  action 
of  terrestrial  magnetism  becomes  permanently  magnetic  when  it  is 
made  to  suffer  a  considerable  and  likewise  permanent  torsion.  An 
attempt  is  made  to  explain  this  fact  by  saying  that  torsion  acts  in 
the  same  manner  as  any  other  mechanical  impulse,  that  it  facilitates 
the  separation  of  the  two  magnetic  fluids,  and  that  at  the  same  time 
it  communicates  to  the  iron  a  certain  coercive  force.  This  opinion 
however  is  founded  upon  incomi)lete  observation  ;  torsion  acts  in  a 
manner  which  is  altogether  special  in  compelling  the  molecules  to 
assume  a  spiral  arrangement,  and  thus  communicating  to  the  sub- 
stance itself  the  form  which  Ampere  has  assigned  to  the  internal 
currents.  Temporary  torsion  produces  temporary  magnetic  effects, 
j)ermanent  torsion  produces  jiermancnt  magnetic  effects,  and  these 
effects  cannot  be  rejiroduced  by  any  other  mode  of  action  of  mecha- 
nical forces. 

Temporary  Effects. — A  bar  of  iron,  magnetized  to  saturation,  is 
partially  demagnetized  at  the  moment  it  suffers  a  temporary  torsion, 
and  regains  its  full  magnetic  properties  as  soon  as  the  torsion  ceases  ; 
in  other  words,  during  the  torsion  it  is  traversed  by  an  inverse  cur- 
rent, and  when  the  torsion  ceases  by  a  direct  current,  whatever  may 
be  the  direction  in  which  the  torsion  is  effected. 

I  understand  by  saturation  that  state  of  magnetic  equilibrium  pre- 
sented by  a  bar  of  iron  which  has  acquired  the  full  amount  of  mag- 


70  Intelligence  and  Miscellaneous  Articles. 

netic  properties  of  which  it  is  susceptible  under  the  influence  of  a 
given  current,  or  which,  after  the  interruption  of  the  current,  has 
already  lost  all  the  magnetic  properties  which  it  is  unable  to  retain 
permanently  ;  so  long  as  that  state  of  equilibrium  is  not  established, 
neither  torsion  nor  the  reverse  act  otherwise  than  any  other  me- 
chanical shocks. 

The  experiment  is  made  in  the  following  manner : — A  bar  of  soft 
iron,  well  annealed,  1  metre  in  length  and  15  milliras.  in  diameter, 
is  fixed  by  one  extremity,  the  other  being  placed  in  the  centre  of  a 
wheel,  by  means  of  which  it  may  be  twisted  in  two  directions.  It 
carries  two  spirals,  one  of  which  is  intended  to  receive  the  current 
of  a  single  element  of  Daniel's  battery,  while  the  other  serves  as  a 
spiral  of  induction  :  the  latter  is  connected  with  a  galvanometer.  It 
is  unnecessary  to  state  that  the  two  spirals  must  be  sufficiently  far 
apart  that  no  direct  induction  can  take  place.  When  the  current  is 
set  up,  the  needle  turns  90°  towards  the  right,  the  north  pole  is  fixed 
and  the  south  pole  twisted ;  when  an  inverse  current  is  set  up,  the 
south  pole  of  the  bar  is  fixed  and  the  north  pole  twisted,  and  the 
needle  turns  to  the  left.  The  following  table  will  render  the  expe- 
riments easily  intelligible  : — 


X  ursiuu 

!    towards 

the  right. 


Torsion 
towards 
the  left. 


90  right 
50    ... 

3  left 

5    ... 

20   ... 

70  ... 

50  ... 

12  ... 

30  ... 

90  right 

50  ... 

20  ... 

20  ... 


90  right 
45    ... 

50  ... 
35  ... 
30    ... 

60  left 
50  ... 
40  ... 
42  ... 
20  right 

0    ... 

3  left 
10    ... 


90  right 
20    ... 

12  left 
20  ... 
20    ... 

90  ... 
5  right 

14  ... 

30  ... 

90  ... 

35  ... 

30  ... 

12  ... 


70  right 
35    ... 

45  ... 
45  ... 
30    ... 

75  left 
50  ... 
40  ... 
40  ... 
10  right 
15  ... 
15  ... 
10    ... 


The  bar  magnetized,  any  other  me 

.    chanical  shock  acts  upon  the  needle 

in  the  same  direction  as  torsion. 

The  bar  being  magnetized  to  the 
highest  degree,  the  application  of 
any  force  which  does  not  produce 
torsion  leaves  the  needle  at  0. 

On  reversing  the  current,  the  same 
1.   phenomena  are  presented  in  an  in 
verse  direction. 

The  current  was  interrupted ;   the 
J.   liar  became  demagnetized  at  first! 
to  saturation. 


The  coercive  force  of  any  kind  of  iron  may  be  measured  by  the 
number  of  torsions  necessary  to  make  it  reach  the  point  of  saturation. 

Permanent  Effects. — When  a  bar  of  iron  or  a  bundle  of  iron  wire 
has  been  magnetized  by  means  of  a  violent  permanent  torsion,  under 
the  influence  either  of  the  terrestrial  or  any  other  current,  it  does 
not  behave  like  an  ordinary  magnet.  When  twisted  or  untwisted 
temporarily  in  the  direction  of  the  permanent  torsion,  magnetization  is 
caused,  or  a  direct  current ;  and  tivisting  or  untwisting  in  the  contrary 
direction  causes  demagnetization,  or  an  inverse  current. 

This  experiment  may  be  easily  made  with  two  bundles  of  the  same 
iron  wire,  which  are  suspended  vertically,  and  twisted  in  such  a  way 
as  to  make  of  one  a  right-handed  helix  and  of  the  other  a  left-handed 
one ;  both  have  the  north  pole  upwards  and  the  south  pcle  below. 
On  their  introduction  into  the  spiral,  the  needle  turns  towards  the 
right.     But  when,  after  having  fastened  the  north    pole  of  each 
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bundle,  the  south  pole  is  temponirily  twisted  in  the  same  direction, 
inverse  currents  are  produced  according  as  one  or  other  of  the  two 
bundles  are  twisted  : — 


Torsion  Torsion 

to         I  DetOTsion.  to 

the  right.  I  the  left. 


jRight-handed  helix,  which  has  ori- 
ginally been  twisted  from  the  right  ^  ■  15  left       10  right 
to  the  left  

Left-handed  bundle    I  15  right  I  15  left 


15  right  i  14  left 


15  left 


15  right 


Consequently  it  is  only  necessary  to  add  to  the  apparatus  a  com- 
mutator, which  reverses  the  direction  of  the  current  after  each 
semi-oscillation,  to  obtain,  by  means  of  turning  vibrations,  a  con- 
tinuous current,  which  may  be  rendered  very  intense. 

It  appears  to  me  that  these  facts  will  lead  to  the  solution  of  im- 
portant theoretical  questions.  I  purpose  to  discuss  them  in  a  memoir 
upon  the  torsion  of  solid  bodies  in  general,  with  which  I  have  long 
been  occupied. — Comptes  Rendus,  vol.  xxxv.  pp.  19,  702. 

METEOROLOGICAL  OBSERVATIONS  FOR  NOV.  185.2, 
Chiswick. — November  1.  Uniformly  overcast :  drizzly  :  slight  rain.  2.  Heavy 
rain  :  clear.  3.  Clear  :  heavy  rain  :  clear.  4.  Foggy  :  large  white  clouds  :  slight 
rain.  5.  Overcast :  exceedingly  fine  :  rain  at  night.  6.  Rain  :  very  fine  :  boisterous. 
7.  Cloudy  and  boisterous :  rain :  clear  and  windy.  8.  Overcast.  9.  Uniform 
haze  :  overcast :  clear.  10.  Overcast.  11.  Drizzly:  rain  :  excessively  hea^y  rain 
at  night.  12  Rain  and  boisterous  throughout.  13.  Uniformly  overcast  :  foggy  : 
drizzly.  14.  Rain:  very  tine  :  extraordinary  heavy  rain.  16.  Barometer  very 
low:  fine:  rain  at  night.  17.  Fine.  18.  Densely  clouded :  fine:  clear.  19. 
Foggy  :  overcast.  20.  Dense  fog  :  constant  rain.  21.  Rain.  22.  Densely  over- 
cast. 23.  Fine  :  rain  at  night.  24.  Overcast.  25.  Foggy  :  fine  :  rain.  26. 
Boisterous,  with  heavy  rain.     27.  Clear  andfine.     28.  Showery.     29,30.  Overcast. 

Mean  temperature  of  the  month  47°"38 

Mean  temperature  of  Nov.  1851   35 '86 

Mean  temperature  of  Nov.  for  the  last  twenty-six  years    ...  43  '08 

Average  amount  of  rain  in  Nov 2'30  inches. 

Boston. — Nov.  1.  Fine.  2.  Cloudy :  rain  a.m.  and  p.m.  3.  Fine :  rain  a.m. 
and  P.M.  4.  Fine.  5.  Fine  :  rain  a.m.  6.  Fine  :  rain  am.  and  p.m.  7.  Cloudy  : 
rain  A.M.     8.  Fine  :  rain  a.m.      9.  Cloudy.      10.  Fine.      11.  Rain  a.m.  and  p.m. 

12.  Cloudy:  rain  a.m.  13.  Cloudy:  rain  p.m.  14,  15.  Rain  a.m.  and  p.m. 
16.  Rain  A.M.  and  P.M.,  with  thunder  and  lightning  1  p.m.  17.  Fine.  18.  Fine  : 
rain  A.M.  19,20.  Fine:  rain  p.m.  21.  Rain  a.m.  and  p.m.  22.  Cloudy.  23. 
Fine.  24.  Cloudy.  25.  Fine  :  rain  p.m.  26.  Cloudy  :  rain  a.m.  and  r.M.  27.  Fine. 
28.  Cloudy  :  rain  p.m.     29.  Fine  :  rain  p..m.     30.  Fine. 

Sandwick  Manse,  Orkney. — Nov.  1.  Rain  a.m.  :  clear,  aurora  p.m.  2.  Bright 
a.m.  :  drops  P.M.  3.  Cloudy  a.m.  :  clear,  aurora  p.m.  4.  Clear  a.m.  :  clear, 
aurora  p.m.  5.  Damp  a.m.  :  rain  p.m.  6.  Bright  a.m.  :  clear,  aurora  p.m. 
7.  Damp  a.m.:  showers  p.m.  8 — 10.  Showers  a.m.  and  p.m.  11.  Sleet- 
showers  A.M.  :    clear,   aurora  p.m.       12.  Clear,  frost   a.m.  :  clear,  aurora  p.m. 

13.  Clear,  frost  .\.m.  :  showers,  aurora  p.m.  11.  Clear,  snow  a.m.  :  clear  p.m. 
15.  Snow-showers  A.M. :  rain  p.m.  16.  Rain  a.m.  :  drizzle  p.m.  17,18.  Cloudy 
a.m.  :  showers  p.m.  19.  Clear  a.m.  :  fine  p.m.  20.  Cloudy  a.m.  :  fine,  fog  p.m. 
21.  Fine,  frost  A.M. :  showers  P.M.  22.  Bright  a.m.  :  showers  p.m.  23.  Showers 
a.m.  and  p.m.  24.  Bright  a.m.  :  cloudy  p.m.  25.  Clear  a.m.  and  p.m.  26. 
Drizzle  A.M. :  cloudy  p.m.  27.  Sleet-showers  a.m.  and  p.m.  28.  Clear,  frost  a.m.  : 
snow-showers  p.m.     29.  Snow-showers  a.m.  and  p.m.     30.  Damp  a.m.  :  rain  p.m. 

Mean  temperature  of  Nov.  for  twenty-five  years     42°-60 

Mean  temperature  of  this  month      41  -52 

Average  quantity  of  rain  in  Nov.  for  six  years     4  83  inches. 

On  the  11th  from  6-50  till  710  p.m.  very  red  aurora.     A  bow  in  the  southern 

hemisphere,  from  which  it  proceeded  to  "the  zenith,  particularly  from  the  ends 

towartN  the  east  and  west. 
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XIV.   On  the  Refraction  of  Sound.     By  C.  Sondhauss*. 

DURING  several  years  the  thought  has  been  present  with 
me,  that  sonorous  waves  expanding  in  the  air  must,  on 
passing  into  another  medium  in  which  they  possess  a  different 
velocity  of  propagation,  undergo  a  change  similar  to  that  suffered 
by  waves  of  light ;  or  in  other  words,  that  the  rays  of  sound 
which  fall  obliquely  on  the  limiting  surface  of  both  media  must 
be  deflected  to  or  from  the  normal  in  a  manner  similar  to  the 
rays  of  light.  To  arrive  at  a  decision  upon  this  point,  it  was 
necessaiy  to  construct  a  lens-shaped  body  of  such  a  nature  as 
readily  to  take  up  the  motion  of  the  sonorous  rays,  and  to  con- 
centrate them  by  refraction  in  a  point,  where  the  sound  might 
be  plainly  heard,  as  it  is  in  the  focus  of  a  concave  mirror.  A 
lens  formed  of  a  solid  substance  did  not  appear  to  me  suitable 
for  the  purpose.  The  thought  of  forming  a  lens-shaped  bladder 
from  a  thin  membrane  therefore  occurred  to  me ;  this  bladder, 
when  filled  with  a  gas  of  greater  density  than  the  air,  for  ex- 
ample with  carbonic  acid,  might  furnish  a  convex  lens  suitable 
for  the  refraction  of  sound. 

As  a  first  experiment,  I  made  use  of  an  air-balloon  of  gold- 
beater^s  skin,  about  a  foot  in  diameter.  After  having  filled  it 
with  carbonic  acid  I  suspended  it  freely ;  fixed  at  a  distance  of 
about  a  foot  from  it  a  weak-ticking  watch,  and  listened  at  the 
opposite  side  of  the  balloon,  in  the  direction  of  its  axis,  to  the 
ticking.  As  often  as  I  made  the  experiment,  I  thought  I  heard 
the  ticking  for  a  distance  of  several  feet  behind  the  balloon,  in 

*  From  PoggendorfF's  Annalen,  vol.  Ixxxv.  p.  378. 
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the  direction  of  the  axis,  more  plainly  than  at  an  equal  or  less 
distance  in  any  other  direction ;  the  difference,  however,  did  not 
seem  to  me  to  be  sufficiently  considerable  to  furnish  a  conclusive 
proof  of  the  refraction  of  sound,  or  to  justify  the  publication  of 
the  experiment.  I  next  endeavoured  to  obtain  a  membranous 
convex  lens  instead  of  the  balloon,  and  succeeded  finally  in  con- 
structing one  of  post-paper.  I  obtained,  however,  no  result  with 
it,  probably  because  the  spherical  paper  surfaces  were  too  stiff 
to  receive  and  transmit  the  weak  undulations  excited  by  the 
ticking  of  the  watch. 

Otherwise  occupied,  I  let  the  experiment  rest  until  after  the 
discovery  of  collodion.  By  the  kindness  of  M.  Miiller,  apo- 
thecary in  Breslau,  who  exhibits  great  skill  in  the  preparation  of 
collodion  balloons,  I  was  enabled  to  construct  a  large  lens 
which  was  suited  to  the  experiments  intended.  M.  Miiller 
prepared  for  this  purpose  a  gigantic  balloon;  out  of  it  two 
segments  were  cut  and  attached  to  a  hoop  of  lead,  so  that 
the  lens-shaped  body  thus  obtained  consists,  when  blown  out,  of 
a  low  cylinder,  whose  ends  are  spherical  segments.  The  hoop 
of  lead  has  a  diameter  of  eleven  and  a  third  Paris  inches,  and  a 
breadth  of  two  and  a  quarter  ;  one  of  the  two  spherical  segments 
possesses  a  height  of  2"  1"'"5,  the  other  a  height  of  2"  2"''5. 

In  order  to  fix  this  apparatus  conveniently  at  two  diametri- 
cally opposite  points  of  the  hoop,  two  lead  tubes  are  soldered 
which  serve  as  axes,  and  rest  upon  two  wooden  pillars,  so  that 
the  lens  can  be  turned  round  a  horizontal  axis  and  thus  easily 
set  in  either  a  perpendicular  or  horizontal  position;  by  length- 
ening or  shortening  the  two  wooden  pillars  the  lens  can  be  set 
either  higher  or  lower.  In  the 
annexed  woodcut  the  lens  and  its 
supports  are  repi'csented;  at  D 
and  E  are  two  other  lead  tubes 
soldered  to  the  hoop,  and  made 
use  of  to  inflate  the  lens.  I  fill 
it  from  below,  connecting  D  by 
means  of  an  elastic  tube  with  the 
carbonic  acid  apparatus,  and  per- 
mitting the  air  to  issue  through 
the  upper  orifice  E.  When  the 
lens  is  completely  inflated,  and  the  air  driven  out  by  the  carbonic 
acid,  the  elastic  tube  is  first  removed  from  the  under  opening  D 
and  the  tube  closed  with  a  good  cork ;  the  upper  orifice  is  then 
tightly  closed. 

As  no  suitable  unenclosed  space  was  at  my  disposition,  the 
observations  were  made  in  a  room.    In  the  first  place,  I  observed 
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the  sonorous  waves  which  were  generated  by  the  ticking  of  a 
watch.  The  watch  was  placed  at  the  same  height  as  the  centre 
of  the  lens,  and  the  latter  received  upon  its  membranous  surface 
the  waves  proceeding  from  the  watch,  and  transmitted  them 
through  the  carbonic  acid  to  the  air  at  the  other  side.  In 
repeated  experiments  it  was  found  that  the  ticking  of  the  watch 
was  distinctly  audible  at  a  point  in  the  axis  of  the  lens,  while 
out  of  the  axis,  at  an  equal  or  even  less  distance,  the  ticking  was 
either  less  audible  or  not  at  all  to  be  heard.  Inasmuch  as  a 
subjective  error  might  readily  creep  into  such  experiments,  I 
have  not  relied  upon  the  judgement  of  my  own  ear  alone,  but 
have  subjected  the  experiment  to  the  judgement  of  others,  who 
all  found  the  phsenomenon  to  be  exactly  as  I  have  stated  it.  I 
can  here  call  upon  the  testimony  of  such  observers  as  Bunsen, 
Duflos,  Fraukenheim,  Gebauer  and  Kirchhof,  who  have  all  been 
kind  enough  to  attend  my  experiments.  To  arrive  at  a  certain 
decision,  the  experiment  was  so  modified,  that,  while  the  observer 
sat  with  closed  eyes  at  one  side  of  the  lens  and  listened  to  the 
ticking  of  the  watch  at  the  other,  the  lens  was  alternately  removed 
and  brought  into  its  place.  It  was  thus  found  that  the  ticking 
ceased  every  time  the  lens  was  withdrawn,  and  immediately 
heard  again  as  soon  as  the  lens  was  replaced  between  the  watch 
and  the  observer.  When  the  hand  was  held  before  the  watch  so 
as  to  intercept  the  sonorous  waves  and  prevent  them  from  falling 
on  the  lens,  the  ticking  was  not  heard,  but  was  immediately 
audible  when  the  hand  was  removed. 

It  would  have  been  very  interesting  to  me  to  determine  the 
distance  of  the  point  of  convergence  of  the  rays  of  sound  corre- 
sponding to  different  distances  between  the  watch  and  the  lens. 
The  ear,  however,  is  not  suited  to  observations  of  this  character ; 
and  I  have  scarcely  ever  been  able  to  decide  at  what  distance 
from  the  lens  the  ticking  of  the  watch  was  loudest.  The  greater 
or  less  attention,  the  wearying  of  the  observer,  the  irregular 
stroke  of  the  watch,  and  the  circumstance  that  in  the  neighbour- 
hood the  same  tranquillity  docs  not  always  reign,  are  sources  of 
perpetual  error  in  these  observations ;  I  will  therefore  for  the 
present  merely  state  generally,  that  the  place  where  the  ticking 
of  the  watch  appeared  to  be  most  plainly  heard  moved  to  a  greater 
distance  from  the  lens  when  the  watch  was  brought  closer  to  the 
latter,  and  will  introduce  merely  a  single  series  of  observations, 
in  which  I  have  endeavovu-cd  to  determine  to  what  distance 
behind  the  lens  the  ticking  could  be  heard,  when  the  watch  was 
suspended  at  various  distances. 


G2 
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Distance  of  the  watch  from       Distance  of  the  ear  from 
the  centre  of  the  lens.             the  centre  of  the  lens, 
ft.    in.  ft. 

8 10 

1  10 

13 9 

16 8 

2         6 

2  9 4 

3         3 

3  6 2 

4         2 

5         2 

In  the  two  last  observations  the  lens  had  become  flaccid  by 
the  escape  of  carbonic  acid^  and  was  filled  again  by  the  blowing 
in  of  air.  Hence  the  refraction  is  less  than  in  the  foregoing 
observations.  I  would  remark,  that,  where  the  watch  was  brought 
more  closely  to  the  lens,  so  that  its  distance  amounted  to  about 
one  or  two  feet,  its  ticking  was  also  audible  immediately  behind 
the  lens,  and  from  this  forward  to  the  distance  given  above. 
\^Tiere,  however,  the  watch  was  placed  at  a  distance  of  from  four 
to  five  feet  from  the  lens,  I  could  hear  no  sound  immediately 
behind  the  lens,  but  heard  it  plainly  when  the  ear  was  placed  at 
a  distance  of  one  or  two  feet  from  the  latter.  In  the  last  four 
observations  the  ticking  was  heard  most  distinctly  when  the  ear 
was  1'  3"  distant  from  the  centre  of  the  lens. 

The  distance  of  the  point  of  convergence  for  parallel  rays  of 
sound,  or  the  focal  distance  of  the  collodion  lens,  could  not,  for 
the  reasons  before  given,  be  obtained ;  but  judging  from  the  expe- 
riments hitherto  made,  it  cannot  be  much  beyond  a  foot.  Accord- 
ing to  this,  the  index  of  refraction  for  sound  in  its  passage  from 
air  into  carbonic  acid  must  be  somewhat  greater  than  the  ratio 
of  its  velocities  in  these  two  media.  If  we  assume,  in  accordance 
with  the  experiments  of  Dulong,  the  velocity  of  sound  in  air  to 
be  333  metres,  and  in  carbonic  acid  261*6  metres,  and  regard 
the  ratio  of  both,  ?i  =  1*272,  as  the  index  of  refraction  of  the 
carbonic  acid  lens,  the  radii  of  the  two  spherical  collodion  mem- 
branes amounting  to  about  8"* 5,  we  obtain,  according  to  the 
known  formula  for  the  focal  distance  of  glass  lenses. 


7=('-1)(r+-J; 


/ 

for  the  focal  distance  of  parallel  rays  of  sound  refracted  by  my  lens, 

/=15"-6, 
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which  value  is  too  great.     If,  however,  the  exponent  of  refrac- 

4 
tion  be  taken  at  ^  or  1*333,  we  obtain 

/=12"-7, 

which  coincides  with  the  experiments. 

I  will  take  the  Uberty  of  mentioning  in  conclusion  one  or  two 
other  experiments  which  I  have  made  with  the  sound-lens.  Words 
and  entire  sentences  spoken  softly  by  a  person  standing  at  one 
side  of  the  lens  were  distinctly  understood  by  an  observer  whose 
ear  was  placed  at  a  suitable  distance  in  the  axis  at  the  other  side ; 
so  that  between  these  two  persons  a  conversation  might  be  held 
which  would  be  scarcely,  if  at  all,  understood  by  those  standing 
around.  I  have  also  made  experiments  with  more  intense  sono- 
rous waves,  which  are  hkewise  refracted  and  brought  to  conver- 
gence by  the  lens.  In  the  place  of  the  watch  a  small  organ-pipe 
was  fixed,  blown  through,  and  its  tone  at  the  opposite  side  of  the 
lens  observed.  Although  the  sonorous  waves  reflected  from  the 
walls  of  the  chamber  and  reaching  the  ear  of  the  obseiTer  exer- 
cised a  disturbing  influence,  it  was  shown  in  the  most  decided 
manner  that  the  tone  of  the  pipe  behind  the  lens  was  much 
stronger.  The  ear  of  the  observer,  whenever  it  was  brought  into 
the  axial  line,  experienced  a  regular  shock.  The  tone  of  the 
pipe  undergoes  by  its  passage  through  the  lens  no  alteration  as 
regards  height  and  character. 


Later  Addition. 

With  regard  to  these  experiments  on  the  refi'action  of  sound,  I 
would  further  remark  that  I  corroborated  them  afteiwards  in  an 
objective  manner.     As  source  of  sound  I 
made  use  of  an  organ-pipe,  and  permitted  ^^  c 

the  waves  which  were  refracted  and  con-       "[ 'i ---''"^ 

centrated  by  the  sound-lens  to  act  upon       ^.1 
the  tin  tube  ahcd.     They  enter  the  \ride  it    "^"^-^^ 

mouth   cd,   and  excite  tremors  in  a  fine  i 

membrane  drawn  over  ab,  which  are  ex- 
hibited by  the  motion  of  sand  strewn  upon       ^  ^ 
the  membrane. 


[     7S    ] 

XV.   The  Supernumerary  Bows  in  the  Rainbow  arise  from  Inter- 
ference.    By  J.  H.  Pratt,  Esq. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 
1.  rr^HE  question  having  been  started,  "Do  the  supernume- 
JL  ravy  bows  in  the  rainbow  arise  from  interference  ?" — not 
knowing  any  book  where  the  doubt  was  resolved,  I  set  to  work  to 
make  the  necessary  calculations;  and  as  they  may  be  of  interest 
to  your  readers,  I  foi-iAard  them  to  you  for  publication,  should 
you  see  fit  to  give  them  a  place  in  your  Magazine. 

2,  Let  r  =  rad.  of  a  drop  of  rain. 
fi  =  index  of  refraction  for  water. 

=:  1-331  for  red,  1*344  for  violet  rays. 

0  =  angle  of  incidence  of  a  ray. 

(j)'=  angle  of  refraction,  sin  0  =  /i  sin  (p'. 

6  =  angle  of  inclination  of  an  incident  ray  with  the  same 
when  it  emerges  after  two  refractions  and  one  intermediate 
reflexion  within  the  drop. 

(/),  and  6^  the  values  of  <p  and  6  corresponding  to  those  rays 
which  emerge  parallel. 

D  =s  distance  of  drop  of  rain  from  the  spectator. 

3.  Let  the  plane  of  the  paper  pass  through  the  sun,  the  eye 
of  the  spectator,  and  the  centre  of  any  given  drop  of  rain ;  and 
let  (fig.  1)  S«6cE  be  the  course  of  any  ray  from  the  sun,  twice 
refracted  and  once  internally  reflected  by  the  drop. 

FiK.  1. 


It  is  easily  seen  that  6  =  4(})'  —  2(f> ;  putting  this  value  of  ^'  in 
sin  ^  =  /x  sin  ^',  we  have 


sm 


<^  =  /.sin(i^+l<^) (1) 
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4.  When  the  rays  emerge  as  well  as  enter  parallel,  6  remains 
constant  for  that  pencil  while  ^  varies ;  hence  by  differentiating 
(1)  with  respect  to  </>, 


cos</)=-/xcos(^^^+ ^(/)j.      ...     (2) 

values  of  ^  and  6 
uares  of  (1)  and  (2 


Let  <^j  and  6^  be  the  values  of  ^  and  6  which  satisfy  these  equa- 
tions.  Adding  the  squares  of  (1)  and  (2)  and  reducing,  we  have 


sm 

....        ^ 

Then  (1)  gives 

These  two  formulas  give 

<^i  =  59°  32',    e^  =  42°  24'  for  red  rays ; 

^1  =  58°  46',    6'i  =  40°  30'  for  violet  rays. 
The  breadth  of  the  primary  bow  is  therefore  =  1°  54'. 

5.  In  the  following  calculations  only  the  red  rays  will  be  con- 
sidered ;  and  we  shall  find  the  following  values  useful : 

sin^<^i  = -496469,  sin  </>i  = -861924. 

tan  (/>,  =  ! -7,  cos  2</)i= -0-485827. 
sin  ^1  = '674517. 

6,  The  supernumerary  bows  are  always  seen  close  to  the  inner 
limit  of  the  primary  bow ;  and  6^  —  6,  or  the  angular  distance  of 
any  point  in  them  from  the  red  of  the  primary  bow,  varies  from 
2°  to  4°,  or  reducing  angles  to  arcs,  from  ^^-^ih  to  y^-th  part  of 
the  radius. 

To  find  how  6  and  <^  varj'  together  for  points  ^"ithin  the  limits 
of  the  supernumerary  bows,  let  6  =  9^—^  and  <^  =  <^j  —  a ;  a  and 
/3  wUl  both  be  small.     Substitute  these  values  in  (1), 


sm 


(</»l -«)  =/^  sin  (^;j  ^1  +  ^  <^i  -  ^  ^- ^aj . 


Expand  in  powers  of  a  and  /3,  and  reduce,  observing  that  ^,  and 
0,  satisfy  equations  (1)  and  (2) ;  the  result  is 


.3 


«+^)%„„^       {2«+)8)3 


tan  01-  ^=/3-l-^— ^-^tan<^l- 


3      ^  '        16  ^'  96      • 

For  a  Jirst  approximation  neglect  /3^  and  a^  .  .  .  . ,  then 

3  5 

/9= -j-tan</)i  .a^=  Ta',     ".•  tan</)i  =  Iv. 

For  a  second  approximation  retain  a^,  but  reject  a^,  and  there- 
fore ^ ;  reduce  and  transpose,  divide  by  the  coefficient  of  a.^, 
and  put  tan  0i  =  1  '7 ;  then 
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Put  the  first  approximate  value  of  or  in  the  second  term. 


1  4 


■  j3,  '.• /S^  is  neglected, 


2     , 1  ^ 

••.«=±5   ^5^+4/5. 

Call  these  two  values  a  and  —a'. 

7.  This  shows  that  for  every  value  of  /S  there  are  two  values 
of  a,  one  positive  and  the  other  negative,  and  nearly  equal  to 
each  other ;  that  is,  there  are  always  two  values  of  0,  one  less 
than  ^1  and  the  other  greater,  which  give  the  same  deviation 
^1  — /8 ;  and  therefore  the  corresponding  rays  emerge  parallel  to 
each  other.  It  is  the  interference  of  these  rays,  which  take  dif- 
ferent courses  in  the  drop  of  rain  and  emerge  parallel,  which 
causes  the  supernumerary  bows.     This  I  proceed  to  show. 

The  manner  in  which  these  rays  pass  through  the  drop  is 
shown  in  the  accompanying  figure  (fig.  2).  The  dark  line  in 
the  middle  is  the  ray  of  least  deviation,  cE  and  c'E'  emerge 
parallel,  and  the  pencils  mix  on  reaching  the  eye. 

Fig.  2. 
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8.  I  will  first  find  the  intensities  of  these  emergent  rays,  and 
compare  them. 

A  cylindrical  pencil  of  parallel  rays  falling  on  the  di'op  of 
rain  will  emerge  through  an  element  of  the  surface  of  the  drop, 
of  dimensions  difierent  to  those  of  the  element  through  which  it 
passed  on  entering ;  and  the  pencil  will  emerge,  in  the  general 
case,  not  parallel,  but  diverging,  both  in  the  plane  of  the  paper 
and  at  right  angles  to  that  plane.  It  will  be  necessary  to  cal- 
culate this  in  order  to  find  the  intensity  of  the  emerging  light. 

9.  And  first,  I  will  calculate  the  divergence  at  right  angles  to 
the  paper. 

Fig.  3. 


Let  SaicE  (fig.  3)  be  the  course  of  a  ray  through  the  drop. 

Draw  Sc  parallel  to  the  incident  rays  through  the  centre  of  the 

di'op.     Let  the  figure  revolve  round  Sc  through  a  very  small 

angle,  so  that  the  above  ray  may  assume  the  position  of  a  new 

ray  S'a'iVE'.     Thus  oa'  is  the  breadth  of  the  incident  pencil 

measured  at  right  angles  to  the  paper,  =  iv  suppose.     Then  the 

w 
angle  through  which  the  plane  revolves  =  —. — r  ;  and 


c&  = 


rsin^' 

— ; — r  X  r  sm  (0  +  6)  =w ^ — —- . 

r  sm  0  ^  sm  <p 


This  is  the  width  of  the  pencil  when  it  is  emerging.     The  rays 
cE,  c'E'  make,  each  of  them  in  its  own  plane,  an  angle  6  with 
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the  intersection  SC  of  tlie  planes.  Hence  these  rays  make  with 
each  other  the  angle  sin  6  x  angle  of  incHnation  of  the  planes 

= , — - :  and  therefore  at  a  distance  D  from  the  di-op,  the 

r  sm<p 
rays  are  spread,  at  right  angles  to  the  paper,  through  the  space 

sin  (6 +  6)         Dsin^ 

w : — j-^-^  +w ^— r. 

sm  <p  r  sin  9 

The  first  term  may  always  be  neglected  with  respect  to  the 
second.  For  D  must  be  an  enormous  number  of  multiples  of  r, 
the  radius  of  a  drop  of  rain ;  and  the  only  case  in  which  the  first 
term  might  appear  to  be  large  and  the  second  small  is  when 
<^=:0,  and  therefore  ^  =  0.  But  in  this  case,  (1)  in  art.  3 
gives  'i(f)  =  fM6  +  2/j,^,  and  the  above  expression  becomes 

w -\-w—' —, 

fi  r         fi 

and  the  first  terai  is  always  extremely  small  in  comparison  of  the 

second.     Hence  the  space  through  which  the  pencil  spreads  at 

right  angles  to  the  paper 

D  sin^ 

=  w r— 7. 

r  sin  9 

10.  Now  I  will  calculate  the  divergence  in  the  plane  of  the 
paper.   (See  fig.  1.) 

Let  SflicE  and  S'a'b'c'E'  be  the  course  of  two  rays  of  the  inci- 
dent pencil  in  the  plane  of  the  paper.     The  arc 

abc={27r-4.(f>')r={27r-e-2(f))r, 
.'.  arc  abc  —  arc a'b'c'=  ( -77  +2jrS<f), 

.-.  cc'  =  cba—(^b'a'  +  aa'  =(l+  Jt)''  -^^^    '•'  aa'=.—rh<f); 
and  the  width  of  the  pencil  at  c 


=  cc'  cos 


^={^  +  ^^rcos4>.H; 


and  the  width  at  a  (or  w)  =  r  cos  ^  .  8^ ; 

/,     de\ 

.'.  width  at  c  =  w{  i+  ;j7 /• 

The  rays  cE,  c/E'  make  an  angle  B6  with  each  other,  or  ^  •  — ; — ^j 
and  therefore  at  a  distance  D  from  the  drop  of  rain,  the  pencil 
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spreads  in  the  plane  of  the  paper  through  the  space 

This  is  reduced  to  iv  when  the  deviation  is  a  minimum,  and  the 
pencil  emerges  parallel  in  the  plane  of  the  paper. 

11.  From  the  last  two  articles,  it  appears  that  the  ratio  of  the 
spaces  occupied  by  the  emergent  pencil  at  a  distance  D  and  by 
the  incident  pencil 

_  D  sin  0f^      /^      D         A^l 

r  sin^  L        \         r         ^Jd(j>J' 

Put  6y—^  and  <l)]  —  ct  for  6  and  (j),  and  reduce,  observing  that 
^j  and  <^j  satisfy  equations  (1)  and  (2),  and  neglecting  higher 
])owers  of  a  than  the  first,  and  therefore  /9,  and  we  have  the 
above  ratio  _ 

^Dsin^,    r        /2+sin^<^^  ^  D     3  sin  </>,    \    1   . 
r  sin^i  I         \     sin2</>i         rl+cos2<^i/    J  * 

or,  neglecting  the  first  term  within  the  second  brackets  as  being 
extremely  small  compared  with  the  next, 

D  sin  e,      D^    3  sin  6, 


r  sin  </)j       r^  1  +  cos  2^i 
or  substituting  the  values  given  in  art.  5, 
18  D      4D2 
=  237  +  7^"- 

12.  The  intensity  of  the  light  which  comes  to  the  eye  varies 
as  the  reciprocal  of  this  expression.  A  quantity  of  light  is  lost 
in  the  refractions  and  reflexion,  which  is  some  function  of  the 
angle  of  incidence  :  call  it  r(^i  — a).  Then  the  intensity  of  the 
light  which  comes  to  the  eye 


,     /18D  ,  4D2  \ 


Wlien  a  =  0,  that  is  for  the  primary  bow  itself,  the  intensity  of 


the  light 


But  for  the  supernumerary  bows,  in  which  a.  is  not  less  than  ^, 

the  first  term  within  the  bracket  is  incomparably  smaller  than 
the  second.     Hence  for  these  bows  the  intensity 
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Putting  —a'  for  u,  and  disregarding  the  change  of  sign  in  the 
intensity  because  it  arises  only  from  the  crossing  of  the  rays 
within  the  drop,  the  intensity  of  the  other  pencil  of  light  which 
emerges  with  the  same  angle  of  deviation  as  the  one  above  con- 
sidered, and  mixes  with  it, 

And  therefore  the  ratio  of  the  first  to  the  second 

F(</),  +  a')    a' 

As  </>!  —a  and  ^j  +  a'  do  not  difier  much  (being  about  54°  30' 
and  64°  30'),  I  assume  that  the  first  factor  of  the  above  =  1 ;  it 
is,  in  fact,  somewhat  greater  than  unity.  Hence  the  ratio  of 
intensities 

«      8-  \^5^  4 

=  —  nearly,  close  to  the  primaiy  bow. 

This  ratio  departs  more  and  more  from  unity,  though  slowly, 
in  passing  from  the  inner  limit  of  the  primaiy  bow.  The  factor 
put  =  1  departs  from  unity  very  rapidly ;  because  as  (p  increases, 
the  quantity  of  light  lost  by  external  reflexion  increases  rapidly. 

From  this  it  appears,  that  the  two  portions  of  light  emerging 
with  the  same  deviation  are,  for  points  within  one  or  two  degrees 
of  the  primary  bow,  of  intensities  sufficiently  near  each  other  to 
allow  of  their  interfering ;  though,  because  the  intensities  are 
not  exactly  the  same,  the  interference  will  not  be  total ;  but  there 
will  be  rings  of  alternately  strong  and  feeble  intensity.  As  far, 
then,  as  intensity  of  light  is  concerned,  the  supernumerary  bows 
may  arise  from  interference.  We  must  now  see  whether  the  dif- 
ference of  paths  will  agree  with  the  same. 

13.  From  A  (see  fig.  1)  draw  AP  and  AQ  perpendicular  to 
the  incident  and  emergent  rays.  The  space  P«Z>cQ,  estimated 
by  the  motion  of  light  in  air,  =  2 .  Pa  +  2/a  .  cZ*, 

=  4rsin(^</)+  l^^sin(^<^-  |^)  +4r/iC0S  (|(/>+  ^6^ 

=  2rcos-  ^— 2rcos5-^  +  4//,rcos  \^<j>+  t  ^)- 

Put,  first  <f)i  —  a  and  6^-/3,  and  then  ^i  +  a'  and  0^—^  for 
^  and  6,  and  subtract  and  reduce,  neglecting  powers  of  a  and  a! 
higher  than  the  first,  and  therefore  /3  altogether :  the  result  gives 
the  difference  of  paths  of  the  two  streams  of  light  which  emerge 


Mr.  J.  H.  Pratt  on  the  Supernumerary  Bows  in  the  Rainbow.  85 
at  the  same  angle  9^—^, 

=  ^2  sin  0,  -  sin  -  </,,  j;-  ^i^^, 

substituting  from  art.  5, 

=  0'15S  xr/3. 

Let  \  be  the  length  of  an  undulation  of  red  light,  and  suppose 
the  above  interval  is  m  of  these  undulations, 

.-.  m  .\  =  0-153  xr/3, 

••P  =  13x  -^; 
or  turning  arcs  into  angles, 

=  745°x^. 

Now  \= 0-0000266  of  an  inch.  And  if  the  diameter  of  the 
drop  of  rain  equal  (for  example)  about  3000  of  these  undulations, 
that  is,  about  -^^^^^  of  nn  inch,  then 

^=—  nearly; 

or,  putting  W2  =  l,  2,  3  . . . .  successively,  the  angular  distance  of 
the  successive  red  bows  fonned  by  the  interference  in  question 
from  the  primary  red  bow  will  be 

15',     30',     45',     r,     1°15'.... 

These  bows  will  be  of  a  diminishing  intensity,  and  none  of  them 
will  have  anything  like  the  intensity  of  the  primary  red  bow,  for 
which  m  =  0. 

In  the  same  way  the  other  colours — the  orange,  yellow,  green, 
blue,  indigo,  and  \iolet — will  have  their  sets  of  bows  of  inter- 
ference at  somewhat  less  and  less  intervals  than  those  of  the  red. 
These  bows  of  interference  will  not  be  visible  in  the  space  occu- 
pied by  the  primaiy  bow,  its  intensity  being  so  great  as  to  drown 
their  feebler  light ;  they  may  have  the  effect  of  somewhat,  though 
perhaps  almost  insensibly,  diluting  the  purity  of  the  prismatic 
colours  of  the  primary  bow  after  the  red,  which  colour  alone  will 
be  absolutely  undiluted.  But  within  the  violet  of  the  primary 
bow  these  bows  of  interference  will  begin  to  show  themselves : 
in  this  case  /3  =  2°  and  more:  hence  m  =  8  and  more,  and  the 
bows  of  interference  of  the  various  colours  will  begin  to  overlap, 
so  as  to  produce  the  general  effect  of  alternating  red  and  green, 
as  seen  in  Newton's  rings.  These  are  the  })revailing  colours  in 
the  supernumerary  bows  seen  in  tlie  heavens ;  and  we  may  there- 
fore conclude  that  they  arise,  as  here  described,  from  interference. 

The  distances  of  the  bows  of  interference,  it  will  be  seen,  de- 
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pend  upon  the  size  of  the  drops  of  rain,  although  the  width  of 
the  primary  bow  is  independent  of  this.  The  larger  the  drops 
of  rain,  the  closer  are  the  bows ;  and  therefore  under  some  cir- 
cumstances the  bows  may  be  so  close  together,  that  at  points 
within  the  primary  bow,  the  mixture  of  colours  may  be  such  as 
to  make  the  bows  invisible.  This  may  account  for  the  fact,  that 
the  supernumerary  bows  are  not  always  seen  accompanying  the 
primary  bows. 

N.  W.  Provinces,  India, 
Sept.  18,  1852. 

XVI.  On  the  Principles  of  Hydrodynamics.  By  the  E,cv.  J. 
Challis,  M.A.,  F.R.S.,  F.R.A.S.,  Plumian  Professor  of 
Astronomy  and  Experimental  Philosophy  in  the  University  of 
Cambridge. 

[Concluded  from  vol.  iv.  p.  450.] 

THE  antecedent  investigation  of  the  free  motion  of  a  com- 
pressible fluid,  led  to  the  general  law  that  the  motion  is 
symmetrically  disposed  about  a  rectilinear  axis,  along  which  a 
given  state  of  the  fluid  as  to  density  and  velocity  is  propagated 
at  a  certain  constant  rate.  An  expression  for  the  rate  of  propa- 
gation was  obtained  involving  an  unknown  constant  Jx^,  the  value 
of  which  it  is  necessary  to  ascertain  in  order  to  calculate  nume- 
rically the  velocity  of  sound.  I  proceed  now  to  show  how  that 
constant  may  be  determined,  and  a  solution  be  given  to  the  fol- 
lowing proposition. 

Proposition  XL  It  is  required  to  calculate  numerically  the 
rate  of  the  propagation  of  motion  in  a  given  compressible  fluid. 

I  have  given  a  solution  of  this  important  question  in  the 
Philosophical  Magazine  for  February  IS^Q  (vol.  xxxiv.  p.  97), 
but  as  the  reasoning  there  is  not  adequately  exhibited,  I  propose 
to  repeat  it  now  in  more  detail.  It  has  been  shown  that  the  free 
vibratory  motion  of  a  compressible  fluid  is  symmetrical  with 
respect  to  a  rectilinear  axis,  and  may  be  resolved  into  motions 
parallel  and  transverse  to  this  axis. 

The  component  parallel  to  the  axis  =r/-y-. 

The  component  transverse  to  the  axis  =  <f)  -—■' 

^  dr 

The  condensation  at  any  point         =  —  — g-  -?. 
The  value  of  the  quantity  /  is  given  by  the  series 

f=\^er'^+  -— — f-&c 
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e  being  substituted  for  -r-^.  Hence  at  points  for  which  f=0, 
the  velocity  parallel  to  the  axis  and  the  condensation  are  con- 
stantly equal  to  zero,  and  at  points  for  which  4-  =  ^,  the  trans- 
verse velocity  vanishes,  and  the  condensation  is  a  maximum. 
The  equation /=0,  it  is  well  known,  has  an  unlimited  number 

of  possible  roots;  and  the  equation  v"  =0,  by  the   theory  of 

equations,  has  a  possible  root  intermediate  to  every  two  conse- 
cutive roots  of  the  other  equation.  Consequently  there  will  be 
an  unlimited  number  of  cylindrical  surfaces  in  which  the  con- 
densation is  zero,  and  an  equal  number  of  intermediate  surfaces 
of  no  transverse  velocity.  As  a  preliminary  step  towards  the 
determination  of  the  constant  e,  it  is  required  to  show  that  for 
very  large  values  of  r,  the  intervals  between  the  cylindrical  sur- 
faces of  no  condensation  are  equal  to  each  other,  and  to  ascertain 
the  value  of  the  common  interval.  The  following  process  appears 
to  suffice  for  this  purpose. 

For  the  sake  of  convenience,  substitute  a-  for  e?'^.     Then  the 
nth  term  of  the  above  series  is 

„n-\ 

+  - 


-12.22.32...  {n-\f' 

If  this  be  greater  than  the  (n  +  l)th,  n^  is  greater  than  a^,  or  n 
is  greater  than  a;  and  if  it  be  greater  than  the  (?i  — l)th,  a^  is 
greater  than  (n  —  1)^^,  or  n  is  less  than  a+  1.  Hence  the  greatest 
term  is  that  indicated  by  the  whole  number  next  greater  than  a. 
If  ct=.n,  the  ?ith  and  (n  +  l)th  terms  are  equal,  and  greater  than 
any  of  the  others.  Now  it  may  without  difficulty  be  shown  that 
the  above  series,  after  multiplying  by  1^.  2^.  S^. . .  ji^^  may  be 
expressed  as  follows : 

«2n -4p-2  ^4/,    /  ^2  _  ^2  A  _  3^y  1 
±1^ 22. 32  .  .  .  n2/=  +  -.       1.-.    >g.-.\      X-U-^ 


where  the  middle  term  of  the  expression  consists  of  the  wth  and 
(n  +  l)th  terms  of  the  series;  the  lirst  term  of  the  expression 
gives  every  pair  of  terms  preceding  the  7Jth  by  substituting  for^ 
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n        n~~  1 
the  numbers  1,  2,  3,  &c.  to  ^  or  — ^ — ,  according  as  n  is  even 

or  odd ;  and  the  last  term  gives  eveiy  pair  following  the  {n  +  l)th 
by  substituting  for  p,  1,  2,  3,  &c.  ad  infinitum.  Let  n  be  a  very 
large  number,  and  suppose  that  o^=.t?.     Then  we  have 

+  i^2«.3-2...»y:  ^      ^      '^     ' 


+ 


If  j9  be  taken  so  that  2p  —  \  is  comparable  with  n,  the  factors 

o-D-o-D--o-^y 

and 

become  very  small,  and  the  terms  which  they  multiply  become 
inconsiderable  with  respect  to  those  for  which  2p  —  1  is  not  com- 
parable mth  n.  Now  for  the  latter  tenns  the  right-hand  side  of 
the  above  equality  is  satisfied,  if  quantities  inferior  by  two  degrees 
at  least  to  the  terms  of  the  highest  order  be  omitted,  as  will 
appear  by  expanding  the  factors 


and 


each  to  two  terms.  But  we  have  seen  above  that  if  a^=n^,  the 
wth  and  (n+l)th  terms  are  the  greatest.  It  hence  appears 
that  the  value  v?  of  o^  causes  the  principal  terms  to  vanish 
approximately.  And  as  these  terms  cannot  be  made  to  vanish 
approximately  by  terms  that  are  inconsiderable  with  respect  to 
them,  it  follows  that  the  value  n  of  a.  approximates  more  and 
more  to  a  root  of  the  equation /=0  in  proportion  as  n  is  larger. 
By  parity  of  reasoning  w+1,  n  +  2,  &c.  are  roots  of  the  same 
equation,  n  being  indefinitely  large.  We  may  therefore  conclude 
that  the  infinite  roots  of  the  equation  /=0  form  an  arithmetic 
series  of  which  the  common  difference  is  unity. 

By  precisely  analogous  reasoning  I  have  found  that  the  value 
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n{ri  —  \)  of  «^  satisfies  to  the  same  degree  of  approximation  the 

If 
principal  terms  of  the  equation  j.  =0,  and  consequently  that 

n—  ;r  approximates  to  a  root  of  that  equation  in  proportion  as 

13 

n  is  large.     So  ?^  +  „,  n-\--^,  &c.  are  roots,  n  being  indefinitely 

df 
great.     Thus  the  infinite  roots  of  ^  =  0   form   an   arithmetic 

series  of  which  the  common  difference  is  unity,  and  are  means  be- 
tween the  infinite  roots  of /=0.  If,  therefore,  r,,  Vc^  be  the  radii  of 
two  consecutive  cylindrical  surfaces  in  which  the  condensation =0, 
or  the  transverse  velocity  =  0,  we  shall  have  ^ e[rc^—r-^  =  1  ; 
and  putting  D  for  r^—r^, 

s/e=  p- 
Now  suppose  a  series  of  vibrations  such  that  the  condensation 
and  velocity  each  varies  as  the  function  ^,  or  m  sin  — -  [z  —  a't  +  c), 

A, 

to  be  propagated  along  the  rectilinear  axis  of  the  motion  in  the 
positive  direction,  and  an  exactly  equal  series  to  be  propagated 
in  the  opposite  direction,  the  possibility  of  the  coexistence  of  two 
such  scries  having  been  previously  proved.  The  effect  of  the  two 
series  will  be  to  form  along  the  axis  at  equal  intervals  points  of 
no  condensation,  and  exactly  intermediate  to  these,  points  of 
quiescence.  Thus  the  motion  along  the  axis  will  be  similar  to 
the  transverse  motion  which  we  have  just  considered.     Also  the 

general  expression  for  the  transverse  velocity,  viz.  ^  -^,  proves 

that  the  transverse  vibrations  to  which  a  single  series  gives  rise 
will  be  executed  in  the  same  time  as  the  direct  vibrations  along 
the  axis.  This  will  clearly  be  the  case  also  when  there  arc  two 
opposite  and  equal  series.  Hence  the  interval  between  two  con- 
secutive points  of  quiescence  on  the  axis  must  be  equal  to  the 
interval  between  two  consecutive  surfaces  of  no  transverse  velo- 
city.    The  former  interval  is  ^,  and  the  latter  has  been  shown 

1 
above  to  be  -—=..     Hence 
ve 

\     _\ 

But  it  has  been  proved  that  the  velocity  of  propagation  is 

/,      e\^ 

"V'  +  l?- 

Phil.  Mag.  S.  4.  Vol.  5.  No.  30.  Feb.  1853.  U 
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Consequently,  by  substituting  the  above  value  of  e, 

Velocity  of  propagation  =  a  a/  1  H — g . 

This  value  accords  with  the  experimental  determination  of  the 

velocity  of  sound.  (See  Phil.  Mag.  vol.  xxxiv.  p.  98.) 

For  the  purpose  of  substantiating  the  above  reasoning,  I  pro- 
ceed to  notice  two  objections  which  may  be  expected  to  be  urged 
against  it ;  one  di'awn  from  analytical,  and  the  other  from  phy- 
sical considerations.  First,  it  may  be  said,  that  when  r  is  inde- 
finitely large,  the  middle  term  of  the  equation 

is  incomparably  less  than  the  other  two,  and  that  the  value  of/ 
is  very  approximately  given  by  the  solution  of  the  equation 

\\z.  f=c^co^2  y/e{r-\-Cc^.  According  to  this  reasoning,  the 
consecutive  large  values  of  r  which  cause  /  to  vanish  increase  by 

IT  1 

the  common  difference  -j — -p^,  and  not  by  — -=..     To  this   argu- 
2  Ve  V  e 

ment  I  reply,  that  the  middle  term  of  the  above  equation  is  not 

small  compared  with  the  others  for  every  large  value  of  r,  in 

proof  of  which  it  is  only  necessary  to  remark,  that  for  all  the 

maximum  values  of  that  term  -— -  is  equal  to  -~- .    The  form  of 

dr~  rdr 

the  function  or  series  for  /  depends  therefore  essentially  on  that 
middle  term,  however  large  ;-  be  taken,  and  is  not  even  approxi- 
mately obtained  if  that  term  be  omitted. 

Again,  it  may  be  urged  that  the  excess  of  the  observed  velo- 
city of  sound  above  the  value  a  is  physically  accounted  for  by  the 
generation  or  absorption  of  heat  consequent  upon  a  sudden  con- 
densation or  rarefaction  of  the  air.  It  is  proved  by  experiments 
on  air  contained  in  closed  spaces,  that  a  sudden  condensation 
raises  the  temperature  and  a  sudden  rarefaction  depresses  it. 
But  such  experiments  seem  to  be  inapplicable  to  the  case  of 
sudden  changes  of  density  in  air  which  is  not  enclosed,  and 
cannot  be  safely  depended  upon  for  the  determination  in  that 
case  of  the  effect  on  the  temperature  and  elasticity  of  the  air.  1 
am  not  aware  of  any  experiment  having  been  made  by  which 
any  change  of  temperature  or  elasticity  has  been  showni  to  accom- 
pany sudden  changes  of  density  in  free  air.  And  even  if  it  be 
admitted  that  a  change  of  elasticity  is  produced  in  that  manner, 
the  observed  velocity  of  sound  is  not  accounted   for  without 
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makiug  pro  hoc  vice  the  hypothesis  that  the  increment  of  elasti- 
city varies  at  each  instant  from  point  to  point,  and  is  exactly 
proportional  to  the  increment  of  density.  A  theory  of  this  kind, 
resting  on  hypotheses,  ought  to  have  no  weight  against  a  course 
of  reasoning  which  deduces  the  velocity  of  sound  exclusively 
from  hydrod^-namical  principles. 

From  what  has  now  been  proved,  it  appears  that  the  velocity 
(V),  so  far  as  it  is  independent  of  any  arbitrary  disturbance,  may 
for  small  motions  be  expressed  by  the  function 

.  .    27r  .   —      ,       . 
w/sm-r—  [z  +  Kot -^  c) , 

A 

the  quantities  m,  \,  and  c  being  altogether  arbitraiy.  The 
numerical  quantity  k  is  equal  to  l"185-lrl7.  Also  from  the 
equation 

it  follows  that  the  condensation  (cr)  is  at  the  same  time  expressed 
by  the  function 

,  Kinf  .    27r ,   _      ^       , 

+  — -  sm  — —  (^  4-  Kat  +  c) . 
~    a  X  ' 

Hence  between  V  and  <7  we  have  the  general  relation 

AcV=  ±_a(T, 

the  +  or  —  sign  applying  according  as  the  propagation  is  in 
the  positive  or  negative  direction. 

The  application  of  the  foregoing  general  results  to  particular 
cases  of  disturbance  is  to  be  made  on  the  principle,  that  the 
initial  disturbance  and  subsequent  motion  must  be  composed  of 
parts,  either  finite,  or  indefinitely  small,  that  conform  to  the 
circumstances  of  the  motion  that  have  been  shown  to  be  inde- 
pendent of  all  that  is  arbitrary.  There  are  two  distinct  classes 
of  disturbance  of  which  a  compressible  fluid  appears  to  be  sus- 
ceptible. In  the  one  class  no  velocity  is  impressed  initially,  and 
the  condensation  through  a  space  of  arbitrarj^  extent  is  made  to 
be  of  arbitrary  value  at  a  given  instant,  after  which  the  fluid  is 
allowed  to  move  freely.  It  may  be  conceived  that  the  initial 
state  results  from  a  combination  of  the  motions  obtained  in  the 
foregoing  investigation,  which  for  distinction  I  shall  call  normal 
motions,  the  number  of  the  sets  of  \'ibrations,  the  directions  of 
their  axes,  and  the  values  of  the  quantities  m,  \  and  c  being 
completely  at  our  disposal.  The  fluid  being  left  to  move  freely 
after  the  first  instant,  it  may  be  presumed  that  the  values  of  m, 
X  and  c,  which  belong  initially  to  a  given  set  of  vibrations,  remain 
unaltered.  Although  the  value  of  the  function /indicates  that 
the  transverse  motion  in  a  single  set  of  vibrations  extends  inde- 

H2 
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finitely  from  the  axis,  it  is  possible  that  by  a  combination  of 
different  sets  of  vibrations  with  different  values  of  the  constants, 
the  distant  motions  and  condensations  may  be  destroyed,  and 
an  initial  disturbance  of  finite  extent  be  composed  of  normal 
vibrations. 

In  the  other  class  of  disturbances  the  velocity  is  given  at  given 
positions  in  successive  instants,  and  the  condensation  is  to  be 
inferred  from  the  given  circumstances  of  the  disturbance.  The 
fiuid  may  be  conceived  to  be  set  in  motion  by  the  surface  of  a 
solid,  and  to  be  either  unlimited  in  extent,  or  to  be  confined 
within  solid  boundaries.  The  motion  in  such  cases  is  constrained, 
and  may  be  conceived  to  be  composed  of  parts  of  the  normal 
motions  for  which  in,  \,  and  c  are  constant  only  for  an  indefi- 
nitely small  time  and  through  an  indefinitely  small  space. 

In  the  ai)plication  of  these  principles  to  the  undulatory  theory 
of  light,  the  initial  disturbances  appear  to  be  of  the  first  class, 
and  not  to  be  immediately  or  necessarily  due  to  the  motion  of  a 
solid ;  the  motion  contiguous  to  an  axis  of  propagation,  which 
is  analytically  distinguished  by  satisfying  exactly  the  integra- 
bility  of  udx  +  vdy  +  ivd:;,  is  the  exponent  of  a  ray  of  light;  and 
the  direct  vibrations,  and  the  parts  of  the  transverse  vibrations 
remote  from  the  axis,  must  be  supposed  to  be  incapable  of  pro- 
ducing the  sensation  of  light. 

Before  proceeding  to  apply  the  above  results  to  an  instance  of 
arbitrary  disturbance  of  the  fiuid,"  the  circumstances  of  uniform 
rectilinear  propagation  in  cases  of  constrained  motion  are  first  to 
be  investigated. 

Proposition  XII.  To  determine  the  relation  between  the  velo- 
city and  the  density,  when  uniform  propagation  takes  place  in  a 
straight  tube  whose  transverse  section  is  of  arbitrary  magnitude, 
but  everywhere  indefinitely  small. 

Let  V  and  p  be  the  velocity  and  density  of  the  fluid  which 
passes  the  transverse  section  m  at  the  distance  *  from  the  origin 
at  the  time  t,  and  let  V  and  p'  be  the  velocity  and  density  of  the 
fluid  which  at  the  same  instant  passes  the  transverse  section  m' 
situated  in  advance  of  the  other  by  the  interval  Sz.  The  incre- 
ment  of  fluid  between  the  two   sections  in  the  interval  from 

^tot+^is  mpYSt-m'p'Y'St, 

because  the  changes  of  pY  and  p'Y'  in  the  small  interval  8t  may 
be  supposed  to  be  proportional  to  the  time.  Let  the  above 
increment  become  equal  to  the  excess  of  the  quantity  of  fluid  at 

the  time  t—  —  in  the  element  of  length  Bz  terminating  at  the 

section  m,  above  the  quantity  of  fluid  at  the  same  time  in  the 
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element  between  the  sections  m  and  m'.  That  is,  neglecting 
terms  involving  S/  8-  and  hz^,  let 

mpXht  —  m'p'X'St  =  mpBz  —  m'p'Sz. 
Then  the  mean  density  of  the  former  element  will  have  been 

Sz  . 
transferred  through  the  space  Bz  in  the  time  of  Bt,  and  g^   is  its 

rate  of  propagation,  which  ultimately  applies  to  the  density  p. 
Hence  by  the" above  equation,  passing  from  differences  to  dif- 
ferentials, 

d .  mpY  _  d .  mp    Bz 
dz      ~     dz      Bt' 
Now  as  m  is  of  arbitrary  value,  the  rate  of  propagation  cannot 
be  assumed  to  be  uniform  excepting  so  far  as  the  changes  of  p 
and  V  are  independent  of  the  changes  of  m.     Omitting,  therefore, 
the  differentiation  with  respect  to  m  in  the  above  equation,  and 
supposing  the  rate  of  uniform  propagation  to  be  a',  we  have 
dj^_,dp 
~dr~      dz' 
and  by  integration, 

pV=«'(p-i)+%KO, 

the  arbitrary  function  being  a  function  of  m  as  well  as  t,  because 
the  differentiation  with  respect  to  m  was  omitted.  For  small 
motions,  putting  l  +  cr  for  p  and  neglecting  the  product  aV, 

Y  =  a'a  +  x{m,t). 

The  effect  of  the  variation  of  m  is  taken  into  account  by  making 
a  given  phase  of  the  condensation  vary  inversely  as  the  transverse 
section  of  the  tube.  Hence  if  ■\lr{z)  be  the  transverse  section  at 
any  distance  z  from  the  origin,  the  nature  of  the  supposed  kind 
of  motion  will  be  expressed  generally  by  the  equations 

V-%(m,  t)  =  a'c7=  ^^  <f>{z-a't  +  c). 

It  is  to  be  remarked,  that  if  %('",  0  —^'  ^^^^  resulting  equation 
between  V  and  cr,  viz.  V=a'cr,  is  different  from  that  obtained  for 
the  case  of  unconstrained  motion  along  an  axis  of  propagation. 
In  the  latter  case  we  had  K^V  =  Kaa,  Ka  being  the  rate  of  propa- 
gation. The  reason  of  the  difference  appears  to  be,  that  the  trans- 
verse vibrations  which  take  ])lace  in  free  motion  are  destroyed  in 
constrained  motion  by  an  impressed  transverse  force,  which  alters 
the  relation  between  the  velocity  and  condensation  without  alter- 
ing the  rate  of  propagation. 

Recurring  now  to  the  general  equation 


dp      d.Vp      ,.  /I  1\     ^ 
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to  the  first  approximation  we  have 

d\       J_       1    _       da- 
Yds  "^  R  "^  R'  ~     Ydt' 

Supposing  this  equation  to  apply  to  constrained  uniform  recti- 
linear propagation,  we  have  ds  =  d}i=^dR' ;  and  from  the  equa- 
tions above,  omitting  the  arbitrary  quantity  %(w^,  t), 

da  _  <})'{s—a't  +  c) 
~~Ydt  ~  (f){s  —  a't  +  c)  ' 
Hence  by  integration 

Y=^<l>{s-a't  +  c): 

Since  by  comparison  with  the  foregoing  equations  X-jtt  does  not 

contain  the  time,  we  must  either  have  RR'  an  arbitrary  function 
of  s  and  "^{t)  a  constant^  which  is  the  case  of  motion  in  a  rigid 
tube,  or  simply  '\lr{t}  a  constant,  which  is  the  case  of  motion 
constrained  to  be  rectilinear,  and  at  given  positions  to  be  in  the 
directions  of  the  normals  to  a  given  surface,  but  in  other  respects 
free.     For  unifoi-m  propagation  from  a  centre  R  =  R',  and 

C 

X  =  a'a=  p2  0(R  — «'^  +  c). 

Proposition  XIII.  To  prove  that  the  propagation  of  motion 
in  a  rectilinear  tube  of  arbitrary  and  indefinitely  small  trans- 
verse section  is  uniform,  and  that  the  rate  of  propagation  is  the 
same  as  that  along  a  rectilinear  axis  of  free  motion. 

In  the  first  place  it  is  to  be  remarked,  that  the  condensation 
and  velocity  may  vary  in  a  manner  entirely  arbitrary,  both  at  a 
given  position  in  successive  instants,  and  from  point  to  point  of 
the  axis  of  the  tube  at  a  given  instant.  This  follows  from  the 
fundamental  principle  that  the  parts  of  the  fluidmay  be  momen- 
tarily separated  by  an  indefinitely  thin  partition  transverse  to  the 
motion,  provided  the  condensations  and  velocities  on  the  oppo- 
site sides  of  the  partition  are  equal.  Assuming,  therefore,  the 
motion  to  be  made  up  of  parts  of  the  normal  motions,  the  quan- 
tities m,  \,  c  cannot  generally  be  considered  constant  except 
through  an  indefinitely  small  space,  or  for  an  indefinitely  small 
time.  In  fact,  the  general  motion  becomes  identical  with  the 
particular  case,  by  making  these  quantities  vai*y  in  a  manner 
analogous  to  the  known  process  of  passing  from  the  general 
integral  to  the  particular  solution  of  a  common  difl'erential  equa- 
tion. It  is  evident  that  the  lines  of  motion  in  the  tube  are 
either  directed  to  centres,  or  to  focal  lines,  situated  on  its  axis, 
the  positions  of  which  are  given  for  given  points  of  the  tube. 
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but  vary  from  one  point   to  another.    We  have  now  to  show 

that  motion  composed  of  the  nonnal  motions  in  the  manner  just 

stated,,  may  satisfy  this  condition  respecting  the  dii'ections  of  the 

hnes  of  motion. 

In  the  ease  of  free  motion,  we  have 

27r 
Velocity  parallel  to  the  axis  =mf  sin— -{z^Kat-\-c), 

A. 

Velocity  transverse  to  the  axis  =  —  -r—  •  -r-  cos  —  (z  +  Kat  +  c). 
•'  27r    dr        \  ^  ' 

het  f=l—er^,  r  being  very  small,  and  let  the  direction  of  the 
motion,  which,  by  reason  of  the  assumed  value  of  /,  must  pass 
through  the  axis  of  c,  make  an  angle  a  with  that  axis.     Then 

since  ~-  =  —2er,  and  e\^=4, 
ar 

4r      ,  27r  ,   _      ^       , 
«=  -^cot— —  [z  +  Kat  +  c). 

Now  this  equation  is  satisfied  independently  of  the  value  of  r,  if 
\=k{z  +  Kat  +  c)  and  r  =  u{z  +  Kat  +  c),  the  constant  k  being 
determined  by  the  equation 

1=  —1  COt-r-. 
TTK  k 

The  directions  of  the  motion  at  all  points  of  a  given  section  per- 
pendicular to  the  axis  will  thus  pass  through  a  point  of  the  axis 
whose  distance  from  the  section  is  the  arbitrary  quantity  z  +  Kat  +  c. 
By  means  of  the  above  value  of  \  and  the  arbitrary  quantity  m, 
the  circumstances  of  the  motioru  in  a  rectilinear  tube  whose 
transverse  section  is  everywhere  a  circle,  may  be  satisfied  at  a 
given  position  in  successive  instants,  or  at  successive  positions 
at  a  given  instant.  It  is  worthy  of  remark  that  this  reasoning 
has  required  the  equation  <?A,^=4. 

If  the  motion  be  directed  to  focal  lines,  the  value  of/  to  be 
used  is 

/=  I  -2e[x  cosd  +  y  sin  6)^, 

0  being  an  arbitrary  angle,  and  cc  and  y  veiy  small.  For  it  was 
previously  shown  that  the  differential  equation  which  gives  /  is 
satisfied  by  the  equation  f=2  Ve{xcosd  +  y  sind),  whatever 
be  0.  The  components  of  the  motion  parallel  to  the  axes  of 
coordinates  being  in  this  case 

dct>  df  df 

^7F'     ^^^     "^IF/ 

the  directions  of  the  resultants  at  all  points  of  a  given  transverse 
section  may  be  made  to  pass  through  two  focal  lines  in  given 
positions  by  means  of  the  additional  arbitrary'  quantity  6.     In 
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other  respects  the  calculation  is  analogous  to  that  exhibited 
above. 

This  proposition  may  also  be  viewed  in  another  manner.  Since 
for  small  values  oir,  f=\—er'^=  cos  \^2ei'  nearly,  we  have  the 
approximate  differential  equation 

That  is,  for  small  values  of  r,  f  is  given  by  a  linear  equation  with 
constant  coefficients,  which  is  not  the  case  without  that  limita- 
tion. We  may  therefore  suppose  the  motion  in  a  rigid  tube 
of  small  transverse  section  to  be  made  up  of  an  infinite  number 
of  normal  motions,  the  axes  of  which  are  always  in  fixed  direc- 
tions determined  by  the  boundaries  of  the  tube.  The  trans- 
verse motions  will  thus  be  destroyed,  and  the  resulting  motions 
may  be  in  lines  passing  through  centres,  or  through  focal  lines.  It 
should  here  be  remarked,  that  the  composition  of  motion  em- 
ployed above  has  no  reference  to  any  physical  circumstance,  but 
is  simply  an  analytical  process  for  representing  the  motion,  the 
number  of  components  being  supposed  infinite,  and  that  for  this 
reason  it  was  necessary  to  prove  first  that /was  given  by  a  linear 
equation  with  constant  coefficients.  Similarly,  we  found  in  a 
former  proposition  that  the  general  value  of  /  is  given  by  the 
equation 

/=  1.aW{x  cos  6  +  y  sin  6), 

the  sum  being  taken  from  ^  =  0  to  6  =  2ir,  and  the  number  of 
terms  being  infinite.  But  it  must  not  be  inferred  that  the  normal 
motion  is  physically  so  composed. 

From  either  of  the  two  preceding  modes  of  viewing  the 
question  we  may  infer,  that  as  the  motion  is  composed  of  parts 
of  normal  vibrations  for  which  m,  \,  and  c  may  be  regarded  as 
constant  through  an  indefinitely  small  space  and  for  an  indefi- 
nitely small  time,  the  velocity  of  propagation  is  the  constant  ko, 
this  quantity  being  independent  of  any  arbitrary  circumstances. 
We  may  not,  liowever,  conclude  that  the  relation  between  the 
velocity  and  condensation  is  the  same  as  in  the  normal  vibra- 
tions. Conceive  the  axis  of  a  set  of  normal  ^-ibrations  to  coin- 
cide with  the  axis  of  a  cylindrical  tube,  and  the  transverse  vibra- 
tions to  be  every  moment  destroyed  by  an  impressed  accelerative 
force  equal  and  opposite  to  the  effective  transverse  force.  The 
free  motion  will  thus  be  reduced  to  the  motion  in  the  rigid  tube, 
the  impressed  force  having  the  same  effect  as  the  reaction  of  the 
boundaries  of  the  tube.  This  impressed  force,  being  transverse, 
will  not  alter  the  rate  of  propagation,  but  the  relation  between 
the  velocity  and  condensation  will  be  changed,  as  aj^pears  from  the 
reasoning  in  Proposition  XII.     In  the  equations  obtained  in  that 
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proposition  we  have  only  to  substitute  kc  for  a',  and  we  thus  have 
generally 

V  -  X K  0  = 'f 00- =  rr^  <^(^  - /^«^  +  c) . 

Corollary.  The  cfFcctivc  accelerative  force  of  the  fluid  in  the 
direction  of  the  axis  of  the  tube  may  be  inferred  from  the  fore- 
going results.  By  the  effective  accelerative  force  of  the  fluid  is 
to  be  understood  that  part  of  the  actual  effective  accelerative 
force  which  is  independent  of  the  variations  of  the  arbitrary 

quantities  %(7nj  t)  and  ■    ,     ,  or  which  is  obtained  by  supposing 

these  quantities  constant  through  an  indefinitely  small  space  and 
for  an  indefinitely  small  time.     Thus  we  have 

dY  iiKa    ...  ^       ^  cTV 

But  it  was  found  by  the  reasoning  of  Proposition  XII.,  that  if 
the  variation  of  in  be  omitted,  to  the  first  approximation 

dY  da 

Hence 


dz  dz' 


^  ^  da       dY 

"''•Tz-^^di^^- 

It  thus  appears  that  the  eff'ective  accelerative  force  of  the  fluid 
in  a  slender  rigid  tube  is  greater  than  that  of  fluid  in  free  motion 
in  the  ratio  of  «"-  to  1 . 

The  follo^\^ug  problem  has  been  selected  for  solution,  as  being 
illustrative  of  various  parts  of  the  foregoing  analytical  theor)\ 

Problem.  The  fluid  is  disturbed  in  such  a  manner  that  the 
velocity  and  condensation  are  everywhere  and  at  all  times  func- 
tions of  the  distance  from  a  fixed  centre,  and  the  velocity  tends 
to  or  from  the  centre  :  it  is  required  to  determine  the  motion. 

It  will  plainly  be  sufficient  to  consider  the  motion  in  a  slender 
tube  bounded  by  planes  passing  thi-ouirh  the  centre.  The 
boundaries  of  the  tube  may  be  conceived  to  be  rigid,  and  con- 
sequently, from  what  has  been  proved,  the  differential  equations 
to  be  employed  are  the  following : 

da       du       dv       dw  _ 
dt        dx       dy       dz 

It  is  now  permitted  to  introduce  into  these  equations  the  con- 
dition that  V  and  a  are  functions  of  R  the  distance  from  the 
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centre,  which  condition  could  not  be  introduced  without  error 
into  equations  applicable  only  to  free  motion.  The  resulting 
differential  equations  and  their  solution  will  evidently  be  the 
same  as  those  obtained  in  the  ordinary  mode  of  treating  this 
problem,  with  the  difference  only  that  kq  takes  the  place  of  a. 
Hence  we  have  at  once 

f\Rr-Kaf)_      F(R  +  /^gO 
R         "^         R 

/(R-ATflQ       FCR  +  zcflQ 
R2  R2 

It  is  important  to  remark  that  these  equations,  containing  arbi- 
trary functions,  apply  exclusively  to  the  given  arbitrarj^  disturb- 
ance. For  instance,  when  /  =  0,  let  V  =  0,  and  let  the  values  of  o- 
be  given  through  an  arbitrary  extent  along  the  tube.    Then  since 

0  =  R(/(R)  -H  F'(R))  -  (/(R)  -h  F(R)) 

for  every  value  of  R  through  that  extent,  we  must  have 

/(R)+F(R)  =  0  aud/'(R)-fF(R)=0. 
Hence  2/(R) 

The  function /(R)  is  thus  determmed,  and  F(R)  =  -/(R).  If, 
therefore, 

\i_    ^     and  \,-         ^   , 
we  have  Vi-t-V2  =  0,  and 

These  two  last  equations  show  that  the  motion  at  the  first  instant 
resolves  itself  into  equal  motions,  which  satisfy  the  conditions 
of  uniform  propagation   in  opposite   directions.     The  velocities 

—•^-^  and irJ,  destroy  each  other  at  the  first  instant,  and 

R'^  H^  '  •' 

not  being  accompanied  by  condensation,  give  rise  to  no  pro- 
pagation. The  velocity  and  condensation  after  the  first  instant 
at  any  point  may  be  inferred  from  the  uniformity  of  propagation, 
and  from  the  law  of  variation  according  to  the  inverse  square  of 
R,  as  shown  in  Proposition  XII. 

Next  let  the  velocity  be  given  at  a  given  distance  h  fi-om  the 
centre  during  an  arbitrary  interval,  and  let  it  be  required  to  find 
the  resulting  condensation.     As  there  is  only  one  condition  in 
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this  case  to  be  satisfied,  one  of  the  arbitrai-y  functions  must  be 
made  to  disappear.     Let  the  function  F  =  0.     Then 

fik-Kot)      f{h-Kat) 
~         h  h^ 

fih-KUt) 

Ii 

It  is  again  to  be  remarked,  that  as  these  equations  contain  arbi- 
trary functions,  they  can  apply  only  to  the  arbitrary  disturbance, 
the  denominators  having  no  reference  to  the  law  of  variation  of 
the  velocity  and  condensation  with  the  distance,  but  to  the  pro- 
portion of  the  two  parts  of  which  the  velocity,  each  moment  that 
it  is  impressed,  consists.  \Mien  V  is  given  as  a  function  of  /, 
the  two  parts  of  the  velocity  are  found  by  the  solution  of  a 
common  differential  equation,  of  which  the  variables  are  the 
function  /  and  the  time  t.  I  have  given  instances  of  this  process 
in  a  paper  on  the  Motion  of  a  small  Sphere  in  an  elastic  medium 
(Cambridge  Philosophical  Transactions,  vol.  vii.  part  3).  After 
thus  finding/,  and  by  consequence/',  the  initial  condensation  a 
becomes  a  known  function  of  t.  The  initial  relation  between  V 
and  a  is 

-.J     f(h — Kat) 

V  -I-  -^-ji — =  Kua, 

which  agrees  with  the  general  relation  we  have  already  obtained 
between  the  velocity  and  condensation  when  uniform  propagation 
takes  place  in  a  rigid  tube.     The  condensation  c  and  the  part 

of  the  velocity  — — ^,  are  propagated,  after  the  first  instant 

of  the  generation  of  the  condensation,  with  the  uniform  velocity 
Ktt,  varying  at  the  same  time  with  the  distance  according  to  the 
law  of  the  inverse  square,  as  proved  in  Prop.  XII.     The  other 

part  of  the  velocity,  —"^^^ — p — >   being   accompanied  with  no 

condensation,  or  at  least  with  none  of  the  order  considered  in 
this  investigation,  is  transmitted  instantaneously,  varying  with 
the  distance  inversely  as  the  square  of  the  distance  as  in  an 
incompressible  fluid,  and  existing  only  so  long  as  the  disturbance 
is  going  on.  It  would  seem  that  the -initial  generation  of  con- 
densation is  not  possible  without  this  accompanying  velocity, 
which  is  so  much  the  less  as  the  distance  of  the  place  of  disturb- 
ance from  the  centre  is  greater.  The  proposed  problem  has  thus 
been  completely  solved  on  the  princi})]es  of  this  theory. 

For  the  purpose  of  confirming  the  foregoing  reasoning  I  pro- 
ceed to  give  another  solution,  which  to  a  certain  extent  is  appli- 
cable to  the  same  problem.     It  is  evident  that  if  an  unlimited 
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iiunibcr  of  normal  vibrations  be  propagated  equally  in  all  direc- 
tions, their  axes  passing  tln-ough  the  centre,  the  resulting  velo- 
city and  condensation  will  be  functions  of  the  distance  from  the 
centre,  and  the  resulting  motion  will  be  in  lines  drawn  through 
the  centre.  The  summation  of  the  effects  of  all  these  vibrations 
should,  therefore,  give  a  solution  in  accordance  with  that  obtained 
above.  But  it  must  be  remarked,  as  before,  that  as  this  com- 
position of  the  motion  is  an  analytical  conception,  and  not  a 
physical  reality,  the  reasoning  can  only  extend  to  cases  in  which 
/=  1  —  e?-^,  and  r  is  very  small  compared  to  \.  This  being  pre- 
mised, take  any  point  P  on  a  line  drawn  in  a  fixed  direction 
through  0  the  centre,  and  let  ON  be  the  direction  of  any  axis 
of  vibration  such  that  the  zPON  =  a,  and  the  plane  PON  makes 
the  angle  9  with  a  fixed  plane  passing  through  OP.  Draw  PN 
perpendicular  to  ON,  and  let  OP  =  R,  0N=^,  PN=r.  The 
condensation  produced  at   P  by  a  single  set  of  vibrations  is 

f  7  1 

—  •  -J-.  and  the  sum  of  the  resolved  parts  of  the  direct  and 
ad:; 

transverse  motions  in  the  direction  OP  is 

„dd>  .   jdf  . 

f  ~-  cos  a  -I-  ffl-f  sm  a. 
dz  ^  dr 

The  resolved  parts  perpendicular  to  OP  destroy  each  other.  The 
number  of  axes  that  pass  through  the  element  z  sin  a  d6 .  zdu 
varies  as  the  element  directly  and  as  r^  inversely,  and  may  there- 
fore be  assumed  equal  to  k  sin  a  da  dd.  Consequently  we  have 
to  obtain  the  two  integrals, 

^  /  /  ( /  -p-  cos  a  -h  </)  y-  sin  a  )  sin  a  dot  dO, 

the  integrations  being  taken  from  ^=0  to  6=27r,  and  from 
a  =  0  to  a  =  7r.      Now  let 


that 


\m       27r  ,  ,       , 

q>=—  ^r— cos— -  (z—Kat  +  c), 
^  Ztt        \ 


dd>  .    27r  ,  ,       , 

—!-  =  m  sm  -— -  [z—  Kat  -\-  c) . 
dz  A, 


Since,  from  what  was  said  above,  the  first  order  of  approximation 
is  alone  permitted,  we  must  have/=l,  and 

dr~      '^'"'-"X^' 
because  eX^  =  4.     Also  Rsina  =  r,  and  Rcos«  =  ^'.     By  making 


kmK%? 


+ 


27rll2 
hrriKk 
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these  substitutions  and  performing  the  integrations,  it  will  be 
found  that 

f       27r  27r  1 

•<  cos— -(R  — /ca/  +  c)  +  cos-— (R  +  Acc^  +  c)   > 

f  .    277  .    27r  1 

-(  sin  —  (R  —  Kat  +  c)  +  sin  —  (R  +  Kot  +  c)   >- 

-<  cos— (R— /cfl/  +  c)  — cos— ^  (R  +  /ca/  +  c)  K 

It  will  suffice  to  remark,  that  the  previous  general  solution 
accords  wath  this  solution  on  giving  a  particular  form  to  the 
arbitraiy  functions,  and  tliat  the  change  of  the  relation  between 
the  velocity  and  condensation  in  passing  from  free  to  constrained 
motion  is  confirmed. 

If  the  fluid  were  put  in  motion  by  a  smooth  solid  sphere 
moving  in  it  in  a  given  manner,  the  velocity  impressed  at  each 
point  of  the  surface  at  any  instant  would  be  known.  The  direc- 
tions of  the  impressed  velocities  determine  the  directions  of  the 
initial  propagations,  and  as  we  found  in  the  general  considera- 
tion of  the  mutual  action  of  the  parts  of  the  fluid  no  other  than 
rectilinear  propagation,  it  follows  that  the  initial  direction  of 
propagation  continues  to  all  distances  from  the  centre.  The 
motion  will  therefore  be  the  same  for  an  indefinitely  small  portion 
of  a  wave,  as  when  the  disturbance  is  made  at  a  given  distance 
from  a  fixed  centre ;  but  the  direction  of  propagation  at  a  given 
point  will  be  continually  changing,  and  the  motion  of  a  given 
particle  \vill  be  curvilinear,  being  directed  to  or  from  positions 
which  the  centre  of  the  si)here  had  in  successive  instants.  I  see, 
therefore,  no  reason  from  these  new  researches  to  alter  the  solu- 
tion of  the  problem  of  resistance  to  a  small  sphere  in  an  elastic 
medium,  which  I  have  given  in  the  paper  already  referred  to, 
excepting  that  Ka  must  be  substituted  for  a.  The  effect  of  this 
change  will  be  to  diminish  the  condensation,  and  therefore  the 
pressure,  for  a  given  velocity,  in  the  ratio  of  1  to  ac  ;  and  the 
coefficient  of  buoyancy  and  resistance,  instead  of  being  2,  will 

be  1  +  -,  or  1  •844,  which  accords  well  with  observation. 

K 

The  same  principles  would  suffice  to  determine  the  motion 
when  the  disturbance  is  in  the  directions  of  the  normals  of  any 
continuous  surface,  and  is  a  function  of  the  distance  from  the 
surface ;  and  also  to  ascertain  the  eti'ect  of  the  motion  of  such  a 
surface  in  a  given  manner  in  the  fluid. 

I  have  now  completed  the  explanation  of  my  hydrodynamical 
theory  sufficiently  to  enable  any  mathematician  who  may  regard 
it  with  favour,  and  who  may  have  more  time  for  these  researches 
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than  I  can  command,  to  pursue  the  subject  further.  Whilst  I 
admit  that  I  have  had  occasion  from  time  to  time  to  modify  my 
first  ideas,  I  must  be  allowed  to  express  my  conviction  that  these 
last  results  are  in  all  essential  respects  correct,  and  that  the  pro- 
positions which  I  have  succeeded  in  establishing  will  eventually 
be  regarded  as  standard  propositions  in  this  department  of 
applied  mathematics.  Not  knowing  to  what  extent  they  may  at 
present  receive  the  assent  of  mathematicians,  I  have  preferred 
the  Philosophical  JNIagazine  to  any  other  medium  of  communi- 
cation, for  the  purpose  of  affording  an  opportunity  for  any  dis- 
cussion or  elucidation  which  the  novelty  of  the  views  may  call 
for.  The  obvious  and  important  application  of  these  hydrody- 
namical  theorems  in  the  undulatory  theory  of  light  I  need  not 
now  insist  upon. 

Cambridge  Observatory, 
December  30,  1852. 


XVII .  On  the  Restoration  of  Mechanical  Energy  from  an  unequally 
heated  space.     By  Prof.  W.  Thomson*. 

WHEN  heat  is  diffused  by  conduction  from  one  part  to 
another  of  an  unequally  heated  body,  the  body  is  put 
into  such  a  state  that  it  is  impossihle  to  derive  as  much  mecha- 
nical effect  of  a  non-thermal  kindf  from  it  as  could  have  been 
dei'ived  from  the  body  in  its  given  state  J.  Hence,  if  a  body  be 
given  in  an  envelope  impermeable  to  heat,  with  its  different  parts 
at  different  temperatures,  a  dissipation  of  mechanical  energy 
within  it,  going  on  until  the  temperatures  of  all  its  parts  become 
the  same,  can  only  be  avoided  by  immediately  restoring  a  por- 
tion of  its  mechanical  energy  from  the  state  of  heat,  and  equali- 
zing the  temperature  of  all  its  parts,  wholly  by  the  operation  of 
perfect  thermo-dynamic  engines.     Let  T  be  the  uniform  tempe- 

*  Communicated  bj'  the  Author. 

t  [Note  added  Jan.  14,  1853.]  Instead  of  "  mechanical  eiFect  of  a  non- 
thermal kind,"  I  should  have  said  simply  potential  energy,  had  I  at  the 
time  of  writing  this  paper  learned  the  use  of  the  admirable  terms  "  poten- 
tial "  and  "  actual "  introduced  by  Mr.  Raukine  in  his  paper  "  On  the 
Transformation  of  Energy  "  (communicated  to  the  Glasgow  Philosophical 
Society  at  its  last  meeting,  Jan.  5,  and  published  in  the  present  number  of 
the  Philosophical  Magazine),  to  designate  the  two  kinds  of  energy  which  I 
had  previouslv  distinguished  by  the  inconvenient  adjectives  of  "  statical " 
and  •' d\-namical."  (See  Proc.  Roy.  See.  Edinb.  Feb.  16.  1852;  or  Phil. 
Mag.  Oct.  1852,  p.  .-^04.) 

+  Proceedings  of  the  Royal  Society  of  Edinburgh  for  Feb.  16,  1852, 
(p.  139),  or  p.  305  of  the  last  Volume  of  this  Journal.  The  formulae  given 
in  that  paper  which  have  reference  to  the  subject  of  the  present  communi- 
cation, require  corrections,  which  are  indicated  in  "Errata"  published  in  the 
last  Number. 
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rature  to  which  the  body  is  brought  by  this  process  of  restora- 
tion ;  let  t  be  the  temperature  of  the  body  in  its  given  condition 
at  any  point  xyz ;  and  let  cdt .  dx  dy  dz  be  the  quantity  of  heat 
that  an  infinitely  small  element^  dx  dy  dz,  of  the  body  at  this 
point  must  part  with  to  go  down  in  temperature  from  t  to  t  —  dt. 
Let  us  suppose  that  this  quantity  of  heat  enters  a  perfect  thermo- 
dynamic engine,  of  which  the  hot  part  is  at  the  temperature  t, 
and  the  cold  part  at  the  temperature  T.  The  quantity  of  work 
that  will  be  derived  from  it  will  be 

dxdydzi  .cdtJ^Y-e^-^-^^   )      ....      [a), 

where  /i  denotes  Carnot^s  function,  and  J  the  mechanical  equi- 
valent of  the  thermal  unit  (see  Dynamical  Theory  of  Heat,  §  25, 
Trans.  Royal  Soc.  Edinb.  1851,  or  Phil.  Mag.  Aug.  1852),  and 
the  part  of  it  rejected  as  waste  into  the  refrigerator  at  the  tem- 
perature T  will  be 

dxdydz.cdt.e^^'^^'  \     .....     .     (L), 

or  dxdy  dz  .cdt  .e^^  ^  ,  . 

Hence  the  whole  work  obtained  by  lowering,  by  means  of  a  per- 
fect thermo-djmamic  engine,  the  temperature  of  the  element 
dx  dy  dz  from  ^  to  T  is 

dxdydz  r'i  .cdLil-iy/Tf"'")     .     .     .     (d); 

and  the  part  of  the  heat  taken  from  this  clement,  which  is  rejected 
into  the  refrigerator,  is 

dx  dy  dz  I    cdt .  eTJ  f>  ^''^ 
dxdydz[  f\dt  frfy'  -f^cdt  eT/o'^'^' j 


or  1  /•T 

__L/  "-yidt 


(^)- 


6 

These  expressions  are  of  course  equally  applicable  to  parts  of 
the  body  of  which  the  temperatures  are  lower  than  T ;  and, 
without  change  of  form,  will  express  respectively  (in  virtue  of  the 
algebraic  signs  corresponding  to  any  case  in  which  ^  is  <  T), 
{d)  the  quantity  of  work  obtained  by  raising  the  temperatiu-e  of  an 
element  dx  dy  dz  from  /  to  T  by  heat  drawn  from  a  source  at  the 
temperature  T  by  means  of  a  thermo-dynamic  engine,  and  {e)  the 


0       ( 
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negative  qiiantifi/  of  heat  given  to  the  part  of  the  engine  at  the 
temperature  T  in  this  j)roccss.  Now  if  such  a  process  be  com- 
pleted for  every  part  of  the  body  without  either  taking  or  giving 
heat  by  communication  with  other  bodies^  the  whole  quantity  of 
heat  given  to  the  refrigerators  at  T  by  the  engines  worked  from 
all  the  parts  of  the  body  for  which  ^  >  T,  must  be  equal  to  the 
whole  quantity  given  by  the  sources  at  T  to  the  engines  working 
to  raise  the  temperature  of  those  parts  of  the  body  for  which 
^  <  T ;  or,  algebraically,  the  sum  of  the  quantities  of  heat  given 
by  all  the  engines  to  the  parts  of  them  at  T  must  be  0,  that  is, 
according  to  (e), 

Jfjdxdy  dz  ^f\dt .  ;if>'-f\dt .  f^fy\ 

From  this  we  deduce 

ffjdx dy dzj'  cdt.t~ ifo '-"^^  =  rjJdxdydzC'cdt.^L 

by  which  the  value  of  T  may  be  found.  When  T  is  determined, 
the  whole  work  obtained  in  the  process  may  be  calculated  by 
adding  all  the  terms  given  by  the  expression  [d) ;  and  thus,  if  W 
denote  its  value,  we  find 

W  =  ^JTfix  dy  dzC^cdt .  { 1  -  drf^^''')       .     (3) . 

The  first  member  of  the  former  of  these  equations  may  be  put 
into  a  simpler  form  if  we  take  ©  to  denote  the  thermal  capacity 
of  the  whole  body  at  the  temperature  6,  a  quantity  which  must 
generally  be  considered  as  a  function  of  6.  Thus,  if  Cq  dx  dy  dz 
denote  the  thermal  capacity  of  the  portion  dx  dy  dz  when  at  the 
temperature  6,  we  have 

j  j  j  c^dxdy  dz  =  % (4); 

and  the  equation  becomes 

f^%dd  .  eTfy'''=ffJdxdydzJ^\dt .  ^^1^'.     (5). 

In  order  that  there  may  be  data  enough  for  solving  the  pro- 
blem, the  nature  of  the  given  body  must  be  specified  so  that  the 
value  of  c  for  each  point  xyz  is  known,  not  only  for  the  given 
initial  temperature  t  of  that  point,  but  for  all  other  tempe- 
ratures through  which  we  have  to  suppose  it  to  vary  in  this 
investigation ;  and  0  is  therefore  to  be  regarded  as  a  known 

function  of  ^.      Hence  the  value  of  the  integral  /    %d6e^  J^''^ 
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may  be  regarded  as  a  known  function  of  ^,  and  may  be  tabulated 
for  different  values  of  this  variable.  The  value  of  6,  for  which 
this  function  is  equal  to  the  second  member  of  equation  (5),  is 
the  required  quantity  T. 

The  solution  of  the  problem  may  be  put  under  a  very  simple 
form,  if  the  therm.al  capacity  of  each  part  of  the  body  be  inde- 
pendent of  the  temperature,  in  the  following  manner.  Let  the 
temperature  of  the  body  be  measured  according  to  an  absolute 
scale,  founded  on  the  values  of  Carnot's  function,  and  expressed 
by  the  followmg  equation, 

t=--oi (6), 

where  a  is  a  constant  which  might  have  any  value,  but  ought  to 
have  for  its  value  the  reciprocal  of  the  coefficient  of  compressi- 
bility of  air,  in  order  that  the  system  of  measuring  temperature 
here  adopted  may  agree  approximately  with  that  of  the  air-ther- 
mometer.    Then  we  have 

_    ijo'^    =- ,  and  €  X/o^    = 


and  since,  according  to  the  hypothesis  that  is  now  made,  0 
is  constant,   the  first   member  of  equation  (5)  becomes  simply 

©a  log ;  and   we  have   explicitly,  for  the  value  of  T,  the 

equation  ±r/-/*iog'+^.,.rf.rf,rf. 

T  =  «{ee''^'-^        «  -1} 


/*/Tlog;7  +  *).cdxdy  dz 
i  =6  — I 


(7), 


and  equation  (3)  takes  the  simpler  form, 

W=jJ^cdxd!/dz[t-T-{T  +  u)\osi±^)  .     .     (8). 

If  the  given  body  be  of  infinite  extent,  and  if  the  temperature 
of  all  parts  of  it  have  a  uniform  value,  T,  with  the  exception  of  a 
certain  limited  space  of  finite  extent  through  which  there  is  a 
given  varied  distribution  of  tem])eraturc,  any  of  the  equations 
(2),  (5),  or  (7)  leads  to  the  result 

T=T, 
which  might  have  been  foreseen  without  analysis.  In  this  case, 
then,  equation  (3)  gives  (in  terms  of  a  definite  integral  of  which 
the  elements  vanish  for  all  points  at  which  t  has  the  value  T) 
the  work  that  may  be  obtained  by  bringing  the  temperature  of 
all  the  matter  to  7';  and  the  same  result  is  expressed  more  sim- 
ply by  (8)  when  the  specific  heat  of  all  the  matter  in  the  space ' 
through  which  the  initial  distribution  of  temperature  is  non- 
uniform does  not  vary  with  the  temperature. 

1  Acton  Square,  Salford,  Manchester, 

December  28,  1852. 
Phil.  Mag.  S.  4..  Vol.  5.  No.  30.  Feb.  1853.  I 
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XVIII.  On  the  General  Law  of  the  Transformation  of  Energy. 

By  William  John  Macquorn  Rankine,  C.E.,  F.R.S.E., 

F.R.S.S.A.  ^'c* 
(1.)  TN  this  investigation  tlic  term  energy  is  used  to  compre- 
A  Lend  every  alFeetion  of  substances  which  constitutes  or 
is  commensurable  with  a  power  of  producing  change  in  opposi- 
tion to  resistance,  and  includes  ordinary  motion  and  mechanical 
power,  chemical  action,  heat,  light,  electricity,  magnetism,  and 
all  other  powers,  known  or  unknown,  which  are  convertible  or  com- 
mensurable with  these.  All  conceivable  forms  of  energy  may  be 
distinguished  into  two  kinds;  actual  or  sensible,  and  potential 
or  latent. 

Actual  energy  is  a  measurable,  transferable,  and  transformable 
affection  of  a  substance,  the  presence  of  which  causes  the  sub- 
stance to  tend  to  change  its  state  in  one  or  more  respects ;  by 
the  occurrence  of  which  changes,  actual  energy  disappears,  and 
is  replaced  by 

Potential  energy,  which  is  measured  by  the  amount  of  a  change 
in  the  condition  of  a  substance,  and  that  of  the  tendency  or  force 
whereby  that  change  is  produced  (or,  what  is  the  same  thing, 
of  the  resistance  overcome  in  producing  it),  taken  jointly. 

If  the  change  whereby  potential  energy  has  been  developed  be 
exactly  reversed,  then  as  the  potential  energy  disappears,  the 
actual  energy  which  had  previously  disappeared  is  reproduced. 

The  law  of  the  conservation  of  energy  is  already  known,  viz. 
that  the  sum  of  the  actual  and  potential  enei'gies  in  the  universe 
is  unchangeable. 

The  object  of  the  present  investigation  is  to  find  the  law  of 
the  transformation  of  energy,  according  to  which  all  transforma- 
tions of  energy  between  the  actual  and  potential  states  take  place. 

(2.)  To  reduce  the  problem  to  its  simplest  form,  let  us  in  the 
first  place  consider  the  mutual  transformation  of  one  form  only 
of  actual  energy,  and  one  form  only  of  potential  energy. 

Let  V  denote  one  measurable  state,  condition,  or  mode  of 
existence  of  the  substance  under  consideration,  whose  magnitude 
increases  when  the  kind  of  potential  energy  in  question  is  de- 
veloped. 

Let  U  denote  this  potential  energy. 

Let  P  be  the  tendency  or  force  whereby  the  state  V  tends  to 
increase,  which  is  opposed  by  an  equal  resistance. 

Then  when  the  state  V  undergoes  a  small  increase  dY,  the 
potential  energy  developed  or  given  out  is 

^V       '\^ (A) 

so  that  p_  d\} 

d\' 

*  Communicated  by  the  Author,  having  been  read  to  the  Philosophical 
Society  of  Glasgow,  January  5,  1853. 


On  the  General  Law  of  the  Transformation  of  Energy.       107 

Let  Q  denote  the  quantity,  present  in  the  substance,  of  the 
kind  of  actual  energy  under  consideration.  It  is  required  to  find 
how  much  of  the  potential  energy  of  the  kind  U,  developed  by 
a  small  increase  of  the  state  V,  is  produced  by  transformation  of 
actual  energy  of  the  kind  Q,  whose  total  quantity  (to  avoid  com- 
plication of  the  problem)  is  supposed  to  be  maintained  constant 
by  the  communication  of  actual  energy  from  external  substances. 

The  quantity  of  potential  energy  of  the  form  U  which  is  pro- 
duced by  transformation  from  the  actual  form  Q,  is  the  eiFect  of 
the  presence  of  the  total  energy  Q  in  the  substance  duiing  the 
change  clY. 

To  find  this  cfi'ect,  let  the  total  energy  Q  be  conceived  to  be 
divided  into  an  indefinite  number  of  indefinitely  small  parts  dQ, 
and  let  the  effect  of  one  be  computed  separately.  To  do  this, 
let  any  one  of  the  parts  dQ,  be  abstracted  from  the  total  energy 
Q ;  and  let  the  cfi'ect  of  this  be  to  diminish  the  development  of 
power  d\J  by  the  quantity  d'^V.     Then 

is  the  efilict,  in  development  of  potential  energy,  of  the  presence 
in  the  substance  of  the  small  portion  dQ,  of  actual  energy ;  and 
as  all  the  small  portions  of  actual  energy  are  similarly  circum- 
stanced, the  potential  energy  which  is  developed  by  the  change 
dY,  in  consequence  of  the  presence  of  the  whole  actual  energy  Q, 
bears  the  same  ratio  to  the  whole  energj'  Q  which  the  above 
quantity  bears  to  the  portion  ^Q ;  that  is  to  say,  the  conversion 
of  energy  from  the  actual  form  Q,  to  the  potential  form  U  during 
the  change  dV,  is  represented  by 

«-|^-''^ (1) 

(3.)  Next  let  us  suppose,  that  not  only  the  state  Y  varies,  but 
the  total  quantity  of  energy  Q  also ;  and  let  us  investigate  what 
quantity  of  actual  energy  of  the  form  Q  must  be  communicated 
to  the  substance  to  produce  simultaneously  the  variations  dQ 
and  dY. 

First,  there  is  the  energy  which  remains  in  the  actual  form, 
directly  producing  the  increase  dQ  in  the  total  quantity  Q. 

Secondly,  there  is  the  energy  (not  yet  determined)  which  may 
be  transformed  from  the  actual  to  some  invisible  potential  form 
in  consequence  of  the  change  dQ  only.  Let  this  be  denoted  by 
lidQ.  The  nature  of  this  quantity  may  be  best  conceived  by 
considering  that  the  energy  Q  is  itself  a  state  of  the  substance, 
to  effect  a  change  in  which  a  resistance  L  may  have  to  be  overcome. 

Thirdlv,  there  is  the  energv  already  determined  and  expressed 

12 
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in  the  formula  (1),  which  is  transformed  from  the  actual  to  the 
potential  form  in  consequence  of  the  change  of  state  dV. 
The  sum  of  those  three  quantities  is  as  follows : 

d'^V 

d.Q={l  +  L)dQ,  +  Q.~r.dY.    ...     (2) 

If  from  this  expression  be  subtracted  the  potential  energy 
developed^  that  is  to  say,  given  out  in  overcoming  resistance, 

dY'"^^' 

the  result  will  be  the  algebraical  sum  of  the  energies,  actual  and 
potential,  acquired  on  the  whole  by  the  substance  in  passing 
from  the  total  actual  energy  Q  and  state  V  to  the  total  actual 
energy  Q  +  c?Q  and  state  Y  +  dY ;  viz. 

^=rf.Q-^.^V=(l+LyQ+(Q^-l)^.^V.  .    (B) 

Now  this  quantity  must  be  the  same,  whether  the  change  dQ 
or  the  change  dY  be  made  first,  or  both  simultaneously ;  other- 
wise by  vaiying  the  order  of  making  those  changes,  the  sum  of 
energy  in  the  universe,  actual  and  potential,  might  be  changed, 
which  is  impossible.  Therefore  the  above  expression  must  be 
the  complete  differential  of  a  function  of  the  energy  Q  and  state 
V ;  that  is  to  say, 

dY~  d(A^d(^       )dY~^dQ^'dY' 
consequently 

L=/.(Q)  +  Q.^^, 

/'(Q)  being  a  function  of  Q  only,  to  be  determined  by  experi- 
ment, of  which  /(Q)  is  the  primitive. 

Thus  we  obtain,  for  the  total  energy,  actual  and  potential, 
acquired  by  the  substance,  in  consequence  of  the  changes  of 
total  actual  energy  from  Q  to  Q  +  <^Q,  and  of  state,  from  V  to 
V  +  rfV,  the  formula 

^=rf.Q_rf.U=(l  +/.(Q)  +Q^,)^Q+  (Q^-l)§.M 

=rf.{Q+/(Q)+(Q,4j-l)/^.«^},  1 

in  which  the  symbol  d.\J  is  used  to  denote  the  total  potential 
energy  really  developed ;  while  /  -7^ .  dY  is  a  partial  integral 
computed  for  ench  value  of  Q,  as  if  that  value  were  constant. 
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This  equation  is  the  complete  expression  of  the  law  of  the 
transformation  of  energy,  from  any  one  actual  form  Q  to  any 
one  potential  form  U,  develo])cd  by  increase  of  the  state  V. 

By  analysing  it,  we  find  that,  besides  the  simple  increase  of 
actual  energy  ^Q,  which  retains  its  form,  the  substance  receives 

(/(Q)  +Q7n2)^Q  of  actual  energy  which  disappears; 

Q  //    ,TT  •  ^^  which   is  directly  transformed  into  potential 
aQfl  V 

energy  of  the  kind  U ; 

and  that  it  gives  out  the  potential  energy  </U  =  Pc?V. 

(i.)  The  extension  of  these  principles  to  any  number  of  kinds 

of  actual  enei'gy, 

Q«^      Qi3,      Qy,    &C.  .  .  .  Qju,    &C., 
and  any  number  of  kinds  of  potential  energ)^, 

U„  =  /P„^„;  Vb=Jiid\,;  U,  =  /P//V,,&c...U„.=/P„.fi?V^&:c, 

developed  by  changes  in  the  states  or  conditions 

^\,  ^'b,  Ve,  &C Yrn,     &C., 

leads  to  the  following  results  : — 

The  quantity  of  any  given  kind  of  actual  energy,  Q^i ,  which 
disappears,  is 

the  sum  extending  to  all  the  forms  of  potential  energy. 

The  quantity  converted  from  any  given  actual  form,  Q^ ,  to 
any  given  potential  form  U^,  is 

Hence  the  algebraical  sum  of  the  energies  acquired  and  given 
out  by  the  substance  is 

/^•--^/^-} (^■) 

This  equation  is  the  complete  expression  of  the  late  of  the 
mutual  transformation  of  actual  and  potential  energy  of  alt  pos- 
sible kinds. 

The  data  requisite  for  its  application  to  any  physical  problem 
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are,  the  nature  and  value  of  the  function  /(Q)  for  each  kind  of 

actual  energy  of  -jy-  for  each  kind  of  potential  energy,  and  of 

/7-TT  d'^\] 

,^  .,,  and  -77=r5  for  each  combination  by  pairs  of  an  actual  with  a 

potential  energy. 

(5.)  Abstract  and  metaphysical  as  the  principles  and  reasoning 
of  this  paper  may  appear,  they  are  of  immediate  practical  utility. 

AVhen  applied  to  the  mutual  transformation  of  visible  motion 
with  the  power  arising  from  attractive  and  repulsive  forces,  the 
equation  3  becomes  identical. 

It  is  in  the  theory  of  those  forms  of  energy  which  manifest 
themselves  to  us  only  by  their  effects,  such  as  heat  and  elec- 
tricity, that  this  law  becomes  useful.  It  enables  us,  when  power 
is  produced  by  the  consumption  of  one  or  more  of  those  energies, 
to  analyse  the  effect  produced,  to  refer  each  portion  to  the  kind  of 
energy  by  which  it  is  cau^sed,  and  thus  to  determine  how  much 
of  any  given  kind  of  energy  must  disappear  in  order  to  produce 
a  given  change  in  the  condition  of  a  substance. 

An  important  consequence  of  the  formula  (1 )  is  as  follows  : — 

If  the  tendency,  -^,  of  the  state  V  to  increase  is  proportional 
simply  to  the  actual  energy  present,  Q,  then 

and  consequently 

q|st-''^=''U' (^) 

that  is  to  say,  ivheyi  the  tendency  to  the  production  of  potential 
energy  is  simply  proportional  to  the  actual  energy  jjresent,  then  is 
the  uctval  energy  converted  into  potential  energy  the  exact  equiva- 
lent of  the  whole  potential  energy  produced. 

(6.)  Another  important  consequence  of  the  formulas  (1)  and 
(3)  is  as  follows  : — If  a  substance  be  made  to  undergo  a  change 
of  condition,  and  be  brought  back  to  its  primitive  condition  by 
a  process  not  the  exact  reverse  of  the  former  process,  then  will 
there  be  a  certain  amount  of  permanent  conversion  of  energy 
between  the  actual  and  potential  forms.  That  the  permanent 
conversion  from  the  actual  to  the  potential  form  may  be  the 
greatest  possible  in  proportion  to  the  actual  energy  supplied 
from  without,  the  changes  of  condition  must  be  so  regulated 
that  none  of  the  actual  energy  received  or  given  out  by  the  sub- 
stance shall  be  employed  in  changing  the  total  actual  energy 
present  in  it,  the  whole  being  consumed  or  produced  by  trans- 
formation to  or  from  the  potential  form. 


where  F  denotes  the  function  -n^   I  -r^r  dY. 
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To  effect  this,  the  following  operations  must  be  performed. 
The  actual  energy  being  maintained  in  the  substance  at  the  con- 
stant value  Q„  let  it  undergo  a  change  of  state  from  Vj^  to  Vb- 
Then  the  actual  energy  supplied  from  without,  which  is  all  con- 
verted into  potential  energy,  is 

d_  rdv 

dQ. 

Let  the  actual  energy  now  be  reduced  to  a  lower  amount,  Q^, 
entirely  by  transformation  to  the  potential  form,  without  transitr 
of  actual  energy  to  other  substances.  That  this  may  be  the 
case,  we  must  have,  according  to  equation  (2), 

0  =  ^.Q=^{Q+/(Q)}+Q^.F; 
or  if  Fc  be  the  value  of  F  at  the  end  of  the  operation, 

FB-Fc  =  r-<Q+/W) (C) 

Let  Fp  be  a  fourth  value  of  F,  such  that 

Fa-Fd=Fb-Fc;  and  consequently  Fc  -F„=Fb  -Fa-  (D) 
Then  the  substance  having  the  actual  energy  Qg  maintained 
constant,  and  its  condition  changed  until  F  becomes  Fd,  the 
following  quantity  of  energy  must  be  retransformed  from  the 
potential  to  the  actual  state,  and  transferred  to  other  substances  : 

H2=Q.(Fc-F^)  =  Q,(F3-FJ. 

The  substance  being  then  brought  back  to  its  original  con- 
dition, viz. 

Q=Qi  and  F  =  F^, 

without  receiving  or  emitting  actual  energy,  the  following  quan- 
tity of  energy  will  at  the  end  of  the  operation  have  been  perma- 
nently transformed  from  the  actual  to  the  potential  condition, 
H,-H,=  (Q^-Q,)(F3-F5),  .     ...     (6) 

which  bears  the  following  proportion  to  the  whole  quantity  of 
actual  energy  received  by  the  substance  from  without, 


Hj  — H,  _Qj  — Q2 


(7) 


II,  Q.     '    •    •    •    • 

that  is  to  say, — 

The  greatest  quantity  of  energy  which  can  be  permanently  con- 
verted from  the  actual  to  the  potential  state  by  causing  a  substance 
to  undergo  a  cycle  of  changes,  bears  the  same  proportion  to  the 
whole  actual  energy  communicated  to  the  substance  from  nifhouf, 
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ichich  the  excess  of  the  actual  energy  present  in  the  substance 
during  the  reception  of  actual  energy,  above  the  actual  energy  pre- 
sent during  the  emission  of  actual  eneirgy,  bears  to  the  former  of 
these  two  quantities. 

This  is  the  general  law  of  the  action  of  all  possible  machines, 
Avhich  work  by  the  transformation  of  energy  of  all  kinds,  known 
or  unknown. 

Application  to  Heat. 

(7.)  Having  described  in  detail  the  application  of  these  prin- 
ciples to  the  theory  of  expansive  heat,  in  the  sixth  section  of  a 
paper  on  the  Mechanical  Action  of  Heat,  communicated  to  the 
Royal  Society  of  Edinburgh,  I  shall  here  give  merely  an  outline 
of  the  principal  points  of  that  application. 

Expansive  heat  may  be  defined  to  be  a  species  of  actual  energy, 
the  presence  of  which  in  a  body  gives  it  a  tendency  to  expand. 

To  adapt  the  preceding  formula  to  this  kind  of  energy,  we 
must  affix  the  following  interpretation  to  the  symbols. 

Let  Q  denote  the  quantity  of  heat  in  a  body,  as  measured  by 
an  equivalent  quantity  of  mechanical  power; 

V  the  volume  of  the  body,  whose  tendency  to  increase  is  repre- 
sented by 

P,  the  expansive  pressure,  in  units  of  force  per  unit  of  surface. 

Then  d\^  =  VdN  is  the  expansive  power  or  potential  energy 
developed  by  a  small  expansion  d\ ;  and  during  this  expansion 
the  following  quantity  of  heat  becomes  latent,  that  is  to  say,  is 
converted  into  expansive  power,  according  to  equation  (1), 
,,     d^V       ,,,     ..    d?  ... 
^•^QZV-^^  =  ^^-^^^- 

According  to  the  principle  laid  down  in  the  fifth  article,  if  any 
substance  exists  in  which  the  expansive  pressure  is  sim])ly  pro- 
portional to  the  quantity  of  heat  present,  then  the  heat  wliich 
disappears  in  expanding  that  substance  is  the  exact  equivalent 
of  the  power  developed.  In  all  known  substances,  however,  even 
those  in  the  gaseous  state,  the  expansive  pressure  deviates  from 
this  law ;  and  accordingly  the  difference 

represents  the  power  expended  in  overcoming  cohesive  force, 
diminished  by  that  which  is  produced  by  such  elasticity  as  the 
body  may  possess  independently  of  heat. 

The  recent  experiments  of  Mr.  Joule  and  Professor  William 
Thomson  on  the  thermic  phsenoineua  of  currents  of  air,  give 
values  of  this  quantity  under  various  circumstances  as  to  tempe- 
rature and  densitv  :  and  after  calculating  from  formula^  deduced 
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from  M.  Regnault's  experiments  the  eflFect  of  cohesive  force,  I 
have  found  that  they  indicate  that  perfect  gases  possess  an  elas- 
ticity, independent  of  heat,  corresponding  to  that  due  to  about 
2^-1*  of  the  Centigrade  thermometer;  that  is  to  say,  that  the 
temperature  of  total  privation  of  heat  is  about  2°-l  Centigrade 
above  the  absolute  zero  of  a  perfect  gas-thermometer,  or  272|° 
Centigrade  below  the  freezing-point. 

In  applying  the  law  of  the  efficiency  of  machines  to  the  case  of 
expansive'heat,  we  must  put  the  following  interpretation  on  the 
symbols  : — 

Let  Q,  denote  the  total  heat  present  in  the  expanding  body 
during  the  period  of  receiving  heat  from  without; 

Q2  the  total  heat  during  the  period  of  emitting  heat; 

Hj  the  whole  heat  received; 

H2  the  whole  heat  emitted ;  so  that 

Hj  — H2  is  the  useful  effect  of  the  engine,  or  the  heat  perma- 
nently converted  into  expansive  power ;  then  the  proportion  of 
the  useful  effect  to  the  whole  heat  received  is,  as  in  equation  (7), 

Hj  — H2  _  Qi  — Q2 
H,      "     Q,     • 

If  we  admit  the  principle,  which  appears  to  me  to  be  demon- 
strable, that  the  beat  present  in  a  body  varies  with  temperature 
according  to  the  same  law  for  all  substances,  the  above  formula 
leads  immediately  to  Carnot's  law,  as  modified  by  Messrs.  Clau- 
sius  and  Thomson.  If  we,  further,  adopt  the  hypothesis  that 
expansive  heat  consists  in  vortices  or  eddies  in  atmospheres  sur- 
rounding centres  of  molecular  attraction,  we  are  led  to  the  con- 
clusion, which  is  borne  out  by  our  present  experimental  know- 
ledge so  far  as  it  extends,  that  the  quantity  of  heat  in  a  body  is 
proportional  simply  to  the  temperature,  as  measured  from  the 
point  of  total  privation  of  heat  already  mentioned.  Let  k  denote 
the  position  of  this  point  on  the  thermometric  scale ;  then  the 
greatest  proportion  of  heat  which  can  be  rendered  effective  by 
any  expansive  engine,  receiving  heat  at  the  temperature  Tj  and 
emitting  it  at  To,  is 


(8) 


being  the  formula  which,  in  the  fifth  section  of  a  paper  on  the 
Mechanical  Action  of  Heat,  I  have  deduced  directly  from  the 
hypothesis  above  mentioned. 

Application  to  Current  Electricity. 

(8.)   In  order  to  apply  the  general  law  of  the  transformation 
of  energy  and  its  consequences  to  current  electricity,  we  must 
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consider  in  the  first  place  how  the  actual  energy  present  in  a 
closed  electric  circuit  is  to  be  measured. 

"VVe  know  that  when  a  closed  electric  circuit  is  not  employed 
to  produce  any  extraneous  effect,  such  as  induction,  magnetism, 
or  chemical  analysis,  its  whole  actual  energy  is  expended  in  pro- 
ducing heat.  AVe  also  know,  through  the  experiments  of  ]Messrs. 
Riess  and  Joule,  that  the  heat  generated  by  an  electric  current 
in  unity  of  time  under  such  circumstances  is  proportional  to  the 
function  called  the  quantity  of  the  current  multiplied  by  the 
function  called  the  electromotive  force.  Hence  we  must  adopt 
for  the  sjTnbol  Q  the  following  signification, 

Q  =  Mw, (9) 

where  u  is  the  quantity  of  the  current,  and  INl  the  electromotive 
force,  measured  in  such  a  manner  that  their  product  shall  repre- 
sent the  heat  generated  in  unity  of  time  in  the  circuit  when  no 
other  effect  is  produced. 

It  is  further  known,  that  when  no  effect  is  produced  but  heat, 
the  quantity  of  the  current  is  equal  to  the  electromotive  force 
divided  by  a  function  called  the  resistance  of  the  circuit ;  that 
is  to  say,  under  these  circumstances 

''=w (^) 

where  II  is  that  resistance ;  and  that  in  all  cases,  whether  other 
effects  are  produced  or  not,  the  heat  generated  is  represented 
by  the  square  of  the  quantity  of  the  current  multiplied  by  the 
resistance,  or 

H  =  Rm2 (F) 

Chemical  affinity  constitutes  a  kind  of  potential  energy,  which 
is  converted  into  the  actual  energy  of  electricity  when  substances 
combine.  To  determine  the  law  of  this  transformation,  we  have 
the  following  facts  : — The  electromotive  force  depends  on  the 
nature  of  the  substances  which  combine,  and  is  moreover  pro- 
portional to  the  number  of  surfaces  in  the  circuit  at  which  the 
combination  takes  place  in  the  proper  direction.  Let  n  be  this 
number,  K  a  specific  coefficient,  then 

M  =  K/i (G) 

The  quantity  of  the  current  depends  also  on  the  nature  of  the 
substances,  and  is  proportional  to  the  quantities  of  them  which 
enter  into  combination  at  any  one  surface.  Let  z  be  the  amount 
of  compound  formed  in  unity  of  time,  k  a  specific  coefficient ;  then 

u^kz (H) 

Consequently 

Q=:M«  =  KX»^';        ....     (10) 
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from  whicli  it  appears,  that  if  the  principles  which  we  have  laid 
down  as  experimental  data  be  rigorously  con-ect,  electrical  actual 
energy  and  chemical  energy  are  simply  proportional  to  each 
other,  and  the  amount  of  electrical  actual  energy  produced  in  a 
circuit  is  the  exact  equivalent  of  the  chemical  potential  energy 
which  disappears. 

Let  us  next  examine  the  transformation  of  electrical  actual 

energ}'  into  the  potential  energy  of  magnetism  by  means  of  soft 

iron ;  and  for  this  purpose  let  a  horse-shoe  bar  be  magnetized  by 

means  of  a  coil  encircling  it,  in  which  is  a  current  of  the  energy 

Q=Mm=Rm2. 

Let  the  keeper  be  at  a  fixed  distance  x  from  the  bar,  and  let 
the  amount  of  their  mutual  attraction  be 

P .  4>x. 

Then  it  is  known  by  the  experiments  of  Messrs.  Joule,  Lenz, 
and  Jacobi,  that  within  certain  limits  the  coefficient  P  is  propor- 
tional, for  a  given  length  and  arrangement  of  coil,  to  the  square 
of  the  quantity  of  the  current,  all  other  things  being  supposed 
constant ;  that  is  to  say,  it  is  simply  proportional  to  the  elec- 
trical actual  energy  ;  therefore,  within  those  limits,  the  electrical 
actual  energ)'  which  disappears  in  producing  magnetic  potential 
energy  is  the  exact  equivalent  of  the  magnetic  energy  developed. 

^\Tien  the  electric  current  exceeds  a  certain  quantity  as  com- 
pared with  the  transverse  section  of  the  bar,  Mr.  Joule  has  proved 
that  the  magnetic  attraction  no  longer  increases  in  the  exact 
ratio  of  the  electrical  energy,  but  more  slowly.  The  conclusion 
to  be  drawn  from  this  is  somewhat  remarkable.  The  total  attrac- 
tion between  the  bar  and  its  keeper  being  proportional  to  P,  the 
portion  which  causes  electrical  energy  to  disappear  when  it  acts 

(IV        .  . 

is  proportional  to  Q  -^,  which  beins;  smaller  than  P,  the  differ- 

^^        rfP    .      " 
ence,  represented  by  P  — Q  -j^y  is  the  coefficient  of  a  portion  of 

magnetic  attraction  which  acts  in  raising  weights  like  that  of  a 
permanent  magnet,  without  causing  electrical  actual  energy  to  dis- 
appear. It  is  probable  that  the  action  of  this  portion  of  mag- 
netism is  accompanied  by  some  peculiar  variations  in  the  mole- 
cular condition  of  the  iron. 

(9.)  In  order  to  apply  the  general  law  of  the  efficiency  of 
machines  to  the  mechanical  action  of  electro-chemical  energy,  we 
have  only  to  conceive  for  the  purpose  of  this  calculation  that  the 
reception  and  discharge  of  actual  energy,  which  really  take  place 
at  the  same  instant,  are  performed  during  alternate  instants. 
Then  Q,  will  represent  the  energy  correspontlingto  the  chemical 
action  in  the  battery  in  unity  of  time,  and  Q.,  that  corresponding 
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to  the  heat  discharged  in  unity  of  time,  and 

Q1-Q9  _  M-Ru 

Q,      ~       M      ' ^^^' 

the  proportion  of  the  total  energy  received  which  is  converted 
into  mechanical  power. 

This  formula,  deduced  from  an  abstract  principle  by  interpre- 
ting its  symbols  according  to  experimental  data,  agrees  with 
results  arrived  at  by  Professor  AVilliam  Thomson  and  ^Ir.  Joule 
from  the  special  consideration  of  electro-chemical  and  magnetic 
forces. 

If  we  take  for  granted  (what  is  not  absolutely  certain)  that 
the  resistance  of  the  circuit  in  an  electro-magnetic  engine  is  the 
same  whether  it  is  performing  work  or  not,  then  let  Uq  be  the 
quantity  of  the  current  which  would  take  place  if  the  engine 
were  not  working,  and  w'c  obtain  the  following  value  of  the 
electromotive  force. 


M  =  Rwq, 


which  reduces  the  above  formula  (11)  to  the  following  : 

Q.-Q.^tvzi^ (11^) 

This  is  the  formula  given  in  a  paper  "  On  the  (Economical  Pro- 
duction of  Mechanical  Effect  from  Chemical  Forces"  (I\Ian- 
chester  Transactions,  vol.  x.),  by  Mr.  Joule,  who  points  out  its 
analogy  to  the  corresponding  fonuula  for  heat.  We  have  seen 
that  they  are  particular  cases  of  a  universal  principle. 

To  determine  the  mean  quantity  of  current  u  in  equation  (11), 
we  have  the  following  data.     Let  v  be  the  mean  value  of  the 

dx 
function  (bx-j-,  and  ,, 

at  rt' 

the  mean  amount  of  power  developed  by  magnetic  force  in 
unity  of  time ;  then,  m  being  a  coefficient  depending  on  the 
length  and  arrangement  of  coils  round  the  bar,  we  have 

P  =  mu^, 
and  consequently 

Py  =  itm^v 

is  the  electric  energy  converted  into  mechanical  power  in  unity 
of  time.  Adding  to  this  Rw^,  the  quantity  converted  into  heat, 
and  equating  the  sum  to  the  total  production  of  electi*ical  energy, 
we  have 

Mm=  (R  +  mv)u'^, 

and  the  quantity  of  the  current  is  found  to  be 

W=tT^ (K.) 

li  +  mv 
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This  reduces  equation  (11)  to  the  following, 

Qi-Q^_1  ^       .  no) 

Qi      ~  U  +  mv'      '     '     '     ^^'^' 

which  shows  that  the  i*atio  of  the  effect  of  an  electro-magnetic 
engine,  working  by  the  induction  of  magnetism  in  a  soft  iron 
bar,  to  the  power  expended,  approaches  unity  as  the  velocity 
increases  without  limit ;  but  at  the  same  time  the  actual  per- 
formance diminishes  indefinitely. 

(10.)  The  foregoing  examples  illustrate  the  method  of  apply- 
ing the  general  law  of  the  transformation  of  energy  to  some  of 
those  forms  with  which  we  ai*e  most  familiar,  by  interpreting  the 
symbols  according  to  the  properties  of  the  kinds  of  energy  under 
consideration  with  which  we  are  made  acquainted  by  experiment. 
The  examples  are  necessarily  of  a  simple  kind;  but  I  purpose  to 
apply  the  same  principles  to  determine  the  laws  of  more  compli- 
cated phsenomena. 

Glasgow,  December  31,  1852. 


XIX.  On  Continued  Fractions  in  Quaternions.  5y  Sir  Willi  am 
Rowan  Hamilton,  LL.D.,  M.R.I. A.,  F.R.A.S.&^'c.,Andreivs' 
Professor  of  Astrononvj  in  the  University  of  Dublin,  and  Royal 
Astronomer  of  Ireland"^. 

[Continued  from  vol.  iv.  p.  303.] 
4.  ^T^HOSE  who  have  acquired  some  familiarity  with  the 
A  interpretation  of  the  results  obtained  by  the  Calculus 
of  Quaternions,  will  have  now  little  difficulty  in  seeing  that  the 
following  geometrical  theorems  f  are  obtained  from  the  consi- 
deration of  the  continued  fraction  p^  =  ( \  p^,  where  ec,^,pQ,p^ 

are  real  vectors,  /?  being  perpendicular  to  the  other  three,  and 
the  condition  a^  +  -i^-  >  0  being  satisfied. 

Let  c  and  d  be  two  given  points,  and  p  an  assumed  point. 
Join  DP,  and  draw  cq  pei'pendicular  thereto,  and  towards  a 
given  hand,  in  the  assumed  plane  cdp,  so  that  the  rectangle 
CQ  .  DP  may  be  equal  to  a  given  area.  From  the  derived  point 
Q,  as  from  a  new  assumed  point,  derive  a  new  point  ii,  by  the 
same  rule  of  construction.  Again  conceive  that  s  is  derived  from 
R,  and  T  from  s,  &c.,  by  an  indefinite  repetition  of  the  process. 
Then,  if  the  given  area  be  less  than  half  the  square  of  the  given 

*  Communicated  by  the  Author. 

t  These  theorems  are  taken  from  art.  6G3  of  the  author's  (as  yet  un- 
published) Lectures  on  Quaternions. 
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line  en,  aud  if  a  semicircle  (towards  the  proper  hand)  be  con- 
structed on  that  Une  as  diameter,  it  will  be  possible  to  inscribe 
a  parallel  chord  ab,  such  that  the  given  area  shall  be  repre- 
sented by  the  product  of  the  diameter  cd,  and  the  distance  of 
this  chord  therefrom.  We  may  also  conceive  that  b  is  nearer 
than  A  to  c,  so  that  abcd  is  an  uncrossed  trapezium  inscribed 
in  a  circle,  and  the  angle  abc  is  obtuse.  This  construction 
being  clearly  understood,  it  becomes  obvious,  1st,  that  because 
the  given  area  is  equal  to  each  of  the  two  rectangles,  ca  .  da 
and  cb  .  db  while  the  angles  in  the  semicircle  are  right,  then, 
whether  we  begin  by  assuming  the  position  of  the  point  p  to  be 
at  the  corner  a,  or  at  the  corner  b,  of  the  trapezium,  every  one  of 
the  derived  points,  Q,  R,  s,  T,  &c.,  will  coincide  with  the  position 
so  assumed  for  p,  however  far  the  process  of  derivation  may  be 
continued.  But  1  also  say,  Ilnd,  that  if  any  other  point  in  the 
plane,  except  these  two  fixed  points,  a,  b,  be  assumed  for  p,  then 
not  only  will  its  successive  derivatives,  Q,  r,  s,  t,  .  .  be  all  distinct 
from  it,  and  from  each  other,  but  they  will  ^e/?c?  successively  and 
indefinitely  to  coincide  with  that  one  oif  the  two  fixed  points  which. 
has  been  above  named  b.  I  add,  Ilird,  that  if,  from  any  point 
T,  distinct  from  a  and  from  b,  we  go  back,  by  an  inverse  process 
of  derivation,  to  the  next  preceding  point  s  of  the  recently  con- 
sidered series,  and  thence,  by  the  same  inverse  law,  to  r,  q,  p, 
&c.,  this  process  ^-ill  produce  an  indefinite  tendency  to,  and  an 
ultimate  coincidence  with,  the  other  of  the  two  fixed  points, 
namely,  a.  lYth.  The  common  laiv  of  these  two  tendencies, 
direct  and  inverse,  is  contained  in  the  formula 

qb  .  PA         cb  ^     ^ 

=  =  constant ; 

QA . PB  CA 

which  may  be  variously  transformed,  and  in  which  the  constant 
is  independent  of  the  position  of  p.  Vth.  The  alternate  points, 
p,  R,  T,  &c.,  are  all  contained  on  one  common  circular  segment 
APB  ;  and  the  other  system  of  alternate  points,  Q,  s,  &c.,  has  for 
its  locus  another  circular  segment,  aqb,  on  the  same  fixed  base, 
AB.  Vlth.  The  relation  between  tiiese  two  segments  is  expressed 
by  this  other  formula,  connecting  the  angles  in  them, 

APB  + aqb  =  acb; 

the  angles  being  here  supposed  to  change  signs,  when  their  ver- 
tices cross  the  fixed  line  ab. 
Observator)',  December  30,  1852. 

[To  be  continued.] 
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XX.  On  the  Conditions  necessary  and  sufficient  to  be  satisfied  in 
order  that  a  Function  of  any  number  of  Variables  may  be  linearly 
equivalent  to  a  Function  of  any  less  number  of  Variables.  By 
J.  J.  Sylvester,  F.R.S.^ 

IN  the  Cambridge  and  Dublin  Mathematical  Journal  for  No- 
vember 1850,  I  defined  an  order  as  signifying  any  linear 
function  of  a  given  set  of  variables,  and  spoke  of  a  general  func- 
tion of  (rt)  variables  as  losing  (/•)  orders  when  the  relation  between 
its  coefficients  is  such  that  it  is  capable  of  being  expressed  as  a 
function  of  [n—r)  orders  only.  It  will  be  highly  convenient  to 
preserve  the  same  nomenclature  for  the  purposes  of  the  present 
investigation. 

Dr.  Otto  Hesse,  in  a  long  memoir  in  Crelle's  Journal,  the 
contents  of  which  have  been  described  to  met,  but  which  I  have 
not  yet  been  able  to  procure,  has  given  a  rule  for  determining 
the  analytical  conditions  for  the  loss  of  one  order.  I  propose 
to  give  a  more  simple  and  comprehensive  scheme  of  conditions 
than  Professor  Hesse  appears  to  have  discovered,  applicable  not 
to  this  case  only,  but  to  that  of  the  loss  of  any  number  whatever 
of  orders,  and  shall  moreover  show  in  what  relation  the  substi- 
tuted orders  stand  to  the  given  variables. 

Dr.  Hesse's  rule  had  been  previously  stated  by  me  in  the  4th 
section  of  my  Calculus  of  Forms  (Camb.  and  Dub.  ^lath.  Journ. 
May  1852  J)  as  applicable  to  the  case  of  a  general  fimction  of 
the  3rd  degree  of  3  variables  becoming  the  representative  of  3 
right  lines  diverging  from  the  same  point,  which  is  the  case  of  a 
cubic  function  of  3  variables  becoming  a  function  of  2  linear 
functions  of  these  variables,  that  is  to  say,  losing  one  order : 
this,  perhaps,  might  have  been  noticed,  in  the  Professor's 
memoir.  I  gave  also  another  rule  for  the  same  case ;  but  the 
true  fundamental  scheme  of  conditions  about  to  be  set  forth  will 
be  seen  to  embrace  as  mere  corollaries  all  such  and  such  like 
rules,  which  in  fact  supply  more  or  less  arbitrary  combinations  of 

*  Communicated  by  the  Author. 

t  A  distinguished  mathematical  friend  in  Paris  commimicated  to  me 
with  great  admiration  Professor  Hesse's  result  over  nijrht.  I  ventured  to 
attii-m  that,  to  one  conversant  with  the  calculus  of  forms,  the  j)roblem 
could  offer  no  manner  of  ditliculty.  An  hoiu's  quiet  rctloction  in  bed  the 
following  morning,  or  morning  after,  sufficed  to  disclose  to  me  the  true 
principle  of  the  solution. 

X  Vide  vol.  vii.  p.  187-  "When  U  represents  a  pencil  of  3  rays  meeting 

in  a  point,  -1  =0,  -—  =0,  &c.,  and  also  therefore  T=0  "  (S  and  T  being 

da        '  do 
the  2  .\ronholdian  invariants  of  U,  and  a,  b,  c,  &c.  the  coefficients  of  U) ; 
"  also  in  place  of  this  system   may  be  substituted  the  system  obtained  by 
taking  all  the  coefficients  of  the  Hessian  zero." 
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the  conditions,  rather  than  the  naked  conditions  themselves  in 
their  simple  form  and  absolute  totality. 

I  shall  call  the  function  to  be  dealt  with  U,  and  shall  consider 
U  to  be  a  homoyeneous'^  rational  function  of  m  dimensions  in 
res])ect  of  x\,  x^,  . . .  Xn,  and  shall  inquire  what  are  the  conditions 
which  must  obtain  when  U  is  capable  of  being  expressed  as  a 
function  of  only  {^\  —  r)  orders,  say  /j,  l^,  .  .  .  In-r,  each  of  which 
is  of  course  a  homogeneous  linear  function  of  the  given  (n) 
variables. 

Let  the  term  derivative  of  U  be  understood  to  mean  any  result 
obtained  by  differentiating  U  any  number  of  times  with  respect 
to  one  or  more  of  the  variables  x^,  Xc^,  ...«•„.  The  first  deriva- 
tives will  be  of  (m  —  1)  dimensions,  the  second  derivatives  of 
(?«— 2)  dimensions,  and  so  on;  and  finally,  the  (w— l)th  deriva- 
tives will  be  homogeneous  linear  functions  of  ,r„  x^, . . .  Xn.  Sup- 
pose U  to  be  expressible  as  a  function  of  /^  l^,  .  .  .  l„-r-  It  is 
immediately  obvious  that  the  derivatives  from  the  1st  to  the 
(m  — l)th  inclusive  will  be  all  expressible  as  homogeneous  func- 
tions of  l^,  I2,  •  '  •  In-r,  and  vanish  when  these  vanish.  But  this 
statement  is  in  substance  pleonastic ;  for  by  means  of  Euler's 
well-known  law,  any  derivative  of  U,  say  K,  may  be  expressed 
(to  a  numerical  factor  pres)  under  the  form  of 
^K  </K  r/K 

X,    -j \-  Xa  .  -}  (-•••+  X„  .     ,  j 

'  <foj  dx^  axn 

and  consequently,  whenever  the  linear  derivatives  of  U  vanish, 
all  the  upper  derivatives  of  U,  including  U  itself,  must  vanish  at 
the  same  time.  The  number  of  these  linear  derivatives,  say  v, 
will  be  the  number  of  terms  in  a  homogeneous  function  of  [n) 
variables  of  (m  — 1)  dimensions,  that  is  to  say, 

n  .  [n—\)  .  .  .  {n—m  +  2) 

172     77^    (w-l)  ' 

Again,  if  all  the  v  linear  derivatives  vanish  when  the  {n—r) 
equations  /i  =  0,  1^2  =  0,  ..  .  l„-r  =  0  are  satisfied,  r  being  greater 
than  zero,  this  can  only  happen  by  virtue  of  these  v  derivatives 
being  linear  functions  of  {n—r)  of  them.  Now,  conversely,  I 
shall  prove,  that  if  it  be  true  that  all  the  linear  derivatives  of  U 
are  linear  functions  {n—r)  of  them,  then  U  may  be  expressed 
as  a  function  of  these  {n  —  r) ;  and  this  rule,  as  will  be  immedi- 
ately made  apparent,  will  give  the  necessary  and  sufiicient  con- 
ditions for  the  loss  of  r  orders  in  the  most  simple  and  complete 

*  It  is  a  common  error  to  regard  homogeneitj-  of  expression  as  merely 
a  means  for  satisfying  the  desire  for  symmetry ;  the  ground  of  its  appU- 
cation  and  utiUty  in  analysis  lies,  in  fact,  much  deeper ;  it  is  essentially  a 
method  and  a  power. 
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form  by  which  they  admit  of  being  expressed.  For  the  proof  of 
the  rule,  only  one  additional  remark  has  to  be  made  in  addition 
to  that  already  made,  of  the  vanishing  of  the  linear  derivatives 
necessarily  implying  the  simultaneous  evanescence  of  all  the 
other  derivatives  ;  this  additional  remark  being,  that  if  the  deri- 
vatives of  any  class,  linear  or  otherwise,  qud  one  set  of  variables, 
become  all  zero,  the  derivatives  of  the  same  class,  qud  any  other 
set  of  variables  linear  functions  of  the  first  set  and  the  same  in 
number,  will  also  become  zero,  for  they  are  evidently  expressible 
as  linear  functions  of  the  first  set. 

Now  let  c?i,  d^,  .  .  .  dn-r  be  any  {n  —  r)  linear  derivatives  of  U, 
of  which  all  the  other  of  the  v  derivatives  of  this  class  are  linear 
functions,  so  that  they  vanish  when  these  [n  —  r)  vanish,  and  let 
U  be  expressed  as  a  function  of  [d-^^  dc^,  .  .  .  d^-r',  x^,  x<^.  .  .  a?,). 
Then  we  may  write 

where  in  general  (/),„_e,6  denotes  a  function  homogeneous  and 
of  m  — e  dimensions  in  respect  to  6?j,  d<^,  .  .  .  d,i^r,  and  homoge- 
neous and  of  e  dimensions  in  respect  to  x^,  Xc^,  .  .  .  x^.  Now  the 
linear  derivatives  of  U  all  vanish  when  dj  =  0,  dQ=0  .  .  .  dn-,~0 
for  all  values  of  Xy,  x^,  .  .  .  Xr-  Hence  U=0  on  the  same  sup- 
position, and  hence  0o,  m  is  similarly  zero.  Also  the  first  deri- 
vatives of  U,  qua  d^,  dc^,  .  .  .  dn-r,  must  vanish  on  the  same  sup- 
position. Hence  0i^^_,  is  identically  zero;  and  so  by  taking 
the  2nd,  3rd,  ...  up  to  the  (w  — l)th  or  linear  derivatives  of  U 
in  respect  to  d^,  d^,  .  .  .  </„_„  we  find  successively  02,  m-2,  03,  m-a, 
.  .  .  0m- 1, 3  each  identically  zero,  and  consequently 

U  =  0,„,  o  =  0(c?i,  d^, .  .  .  dn-r), 
as  was  to  be  proved.  To  express  the  fact  of  the  v  derivatives 
being  linear  functions  of  (n—r)  of  them,  fonn  a  rectangular 
matrix  with  the  coefficients  of  the  v  linear  derivatives.  This 
matrix  will  be  n  terms  in  breadth  and  v  terms  in  depth.  Let 
r=l:  it  is  a  direct  consequence  of  the  rule  which  has  been 
established,  that  every  full  determinant  consisting  of  a  square 
(n)  terms  by  (n)  terms  that  can  be  formed  out  of  this  rectangular 
matrix  must  be  zero:  again,  let  r=3;  all  the  first  minors,  that 
is  to  say,  all  the  determinants  composed  of  squares  (n— 1)  terms 
by  [n—l)  terms,  must  be  zero,  and  so  in  general  a  loss  of  (r) 
orders  will  require  that  the  (;•— l)th  minors  shall  all  vanish;  if 
r=cn,  the  (m— l)th  minors,  i.  e.  the  simple  terms  of  the  matrix 
which  are  all  coefficients  of  U,  must  vanish,  or  in  other  words, 
when  the  function  is  of  zero  orders  all  the  coefficients  vanish  (an 
obvious  truism).  Thus,  then,  we  see  that  the  true  rule  for  the 
loss  of  one  order  in  a  polynomial  of  any  degree  is  precisely  the 
same  as  the  well-known  rule  for  the  loss  of  one  order  in  a  qua- 
Phil.  Mag.  S.  4.  Vol.  5.  No.  30.  Feb.  1853.  K 
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dratic  function ;  the  speciality  in  the  latter  case  consisting  merely 
in  the  fact  that  v  being  equal  to  n,  the  rectangular  matrix 
becomes  a  square,  and  there  is  only  one  full  detei-minant. 
Moreover,  for  any  other  value  of  (?•)  the  above  rule  coincides  with 
that  given  by  me  some  time  back  in  the  Philosophical  Magazine 
for  the  case  of  quadratic  functions. 

Professor  Hesse's  rule  for  finding  conditions  applicable  to  the 
loss  of  one  order  is,  as  I  have  already  stated,  a  consequence  of 
the  more  simple  scheme  of  conditions  above  given.  It  consists 
in  forming  the  determinant 

<^2U 


dx^.dxc^ 

dxQ . dx^ 

dx^ .  dxn 

rf^U 

dXc^ .  dXn 

^2U 

dx,^  .dx^'    dx^ .  dx^ '  '  '  '  ^^^ ,  j^^^^ 


and  equating  the  coefficients  of  this  determinant  fully  developed 
separately  to  zero*.  The  attachment  of  the  Professor  to  this 
particular  form  of  covariant  (I  use  the  language  of  the  calculus 
of  forms)  is  readily  intelligible,  seeing  the  admirable  application 
which  he  has  made  of  it  to  the  canonization  of  the  cubic  func- 
tion of  3  variables,  but  it  is  really  foreign  to  the  nature  of  the 
present  question;  the  coefficients  of  this  covariant  may  easily  be 
shown  to  be  merely  the  full  determinants  of  the  7ixv  rectangular 
matrix  above  described,  or  linear  functions  of  these  said  deter- 
minants with  numerical  coefficients.  Hence  the  ground  of  its 
applicability. 

Returning  to  the  rule  of  the  matrix,  if  we  suppose  the  number 
of  variables  to  be  2,  and  call  the  coefficients  of  U 

n-1 
^0,  no,,  n  .  -y-  Oc,,  .  .  .  a„, 

our  rectangle  becomes 

*  A  form  capable  of  being  so  derived  I  have  elsewhere  termed  (in  com- 
pliment to  M.  Hesse)  the  Hessian  of  the  function  to  which  it  appertains. 
This  is  the  trivial  name  which  is  much  needed  on  account  of  the  frequent 
occurrence  of  the  form,  and  has  been  adopted  by  Mr.  Salmon  in  his  admi- 
rable treatise  on  the  higher  plane  curves.  In  systematic  nomenclature  it 
would  be  termed  the  discriminant  of  the  quadratic  emanant,  or  more  briefly, 
the  quadremanative  discriminant.  I  have  discovered  quite  recently  that 
the  long  sought  for  symmetrical,  and  by  far  the  most  easy  practical  process 
for  discovering  the  number  of  the  real  roots  of  an  equation,  is  contained 
in,  and  may  be  deduced  immediately  from,  a  certain  transformation  of  its 
Hessian ! 
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and  the  conditions  become 


On  •  Qa 


«2  =  0 


«„— a2„_i=0 


fl„_2  .o„_,  =  0,  &c., 


all  of  which  equations  are  obviously  true  (when  the  function 
loses  an  order,  that  is  to  say,  becomes  a  perfect  power)  and  are 
satisfied  (special  cases  excepted)  when  any  («  — 1)  independent 
equations  out  of  the  entire  number  obtain ;  so  that  the  number 
of  conditions  implied  in  the  property  to  be  represented  is  in 
exact  conformity  with  the  number  of  independent  equations 
derived  from  the  matrix,  i.  e.  equations  which,  when  satisfied, 
will  in  general  cause  all  the  rest  to  be  satisfied.  This  confor- 
mity manifests  itself  also  in  the  case  of  a  quadratic  function  of 
n  variables.  But  except  in  these  two  limiting  (and,  in  an  occult 
sense,  reciprocal*)  cases  of  a  function  of  2  variables  of  the  nth. 
degree,  or  of  the  degree  2  and  n  variables,  this  conformity  in 
measure  as  the  degree  or  number  of  variables  rises,  although  it 

*  There  are  frequent  cases  occurring  in  the  calcuhis  of  forms  of  inter- 
change between  the  degree  of  a  function  and  the  number  of  variables  which 
it  contains.  Thus,  to  select  a  striking  example  (although  one  where  the 
interchange  is  not  exact),  the  theory  of  the  real  and  imaginary  roots  or 
factors  of  a  homogeneous  function  of  2  variables  and  of  the  ni\\  degree 
may  be  shown  to  be  immediately  dependent  upon  the  determination  of  the 
specific  nature  of  a  concomitant  homogeneous  function  of  the  2nd  degree 
and  of  {n — t)  vai-iables.  For  instance,  if  any  ordinary  algebraical  equation 
of  the  5th  degree  be  given,  a  homogeneous  quadratic  function  of  4  variables 
may  lie  constructed,  representing,  consequently,  a  surface  of  the  2nd  degi'ee 
[the  coefficients  of  which  (as  indeed  is  true  whatever  be  the  degree  of  the 
equation)  will  be  quadratic  functions  of  the  coefficients  of  the  given  equa- 
tion] ;  and  such  that,  according  as  the  surface  so  represented  belongs  to  the 
class  of  1°,  impossible  surfaces;  2°,  the  ellipsoid  or  hyjierboloid  of  two 
sheets ;  '6°,  the  hyperboloid  of  one  sheet ;  the  given  equation  will  have  6, 
3,  or  only  1  real  root !  Moreover,  an  equality  between  two  of  the  roots  of 
the  equation  will  be  denoted  by  the  loss  of  one  order  in  the  associated 
quadratic  function ;  and  so  many  orders  altogether  will  be  lost  as  there  are 
independent  equalities  existing  between  the  roots.  An  entirely  new  light 
is  thus  thrown  on  M.  Sturm's  theorem  ;  and  the  number  of  real  and  imagi- 
nary roots  in  an  cq\iation  is  for  the  first  time  made  to  depend  upon  the 
signs  of  functions  symmetrically  constructed  in  respect  to  the  two  ends  of 
the  equation,  which  has  long  been  felt  as  a  desideratum. 

K2 
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must  substantially  continue  to  exist,  becomes,  and  in  an  accele- 
rated degree,  less  and  less  apparent. 

Thus,  take  the  simple  case  of  a  cubic  function  of  3  variables, 
and  let  us  confine  ourselves  to  the  consideration  of  the  conditions 
which  must  be  satisfied  when  it  loses  a  single  order.  Let  U  be 
written  out  at  length, 

ax^  -\-bf  +  cz^  +  Zhyz^  +  Zizx^  +  ^jxy^  +  SA'y^^  +  Si'z^ar 
+  Zj^x'^y  -\-  Qmxyz. 
The  matrix  formed  out  of  the  coefficients  of  the  linear  derivatives 
becomes 

a  j' 

J  b  // 

%'  h  c 

in  h'  h 


m 


f    J 


I 


m 


Now  by  the  homoloidal  law,  if  the  terms  in  this  rectangle  were 
all  unlike,  the  number  of  full  determinants  (3  terms  by  3  terms) 
whose  evanescence  (except  for  special  values)  determines  the 
evanescence  of  all  the  rest,  should  be  (6  —  3  +  1)  (3  —  3  +  1),  i.  e. 
4;  but  in  the  actual  case,  since  the  evanescence  of  all  the  full 
determinants  is  a  necessary  consequence  of  the  function  becoming 
a  cubic  function  of  2  orders  {i.  e.  breaking  up  into  the  product 
of  3  linear  functions  of  x,  y,  z),  and  as  this  decomposability,  as 
is  well  known,  implies  only  the  existence  of  3  affirmative  condi- 
tions, the  four  full  determinants 


J      b 
i'     h 


J' 
b 
h' 


J' 


m 


J 


J     J 


t 


which  in  the  general  case  would  be  entirely  independent,  in  this 
case  cease  to  be  so ;  and  the  vanishing  of  3  of  them  must  draw 
along  with  it  by  necessary  implication  (except  for  special  values) 

*  That  is  to  say,  a  syzygetic  relation  must  connect  these  four  determi- 
nants. I  may  as  well  here  repeat,  that  when  the  vanishing  of  a  set  of  (i) 
rational  integral  functions  necessarily,  and  without  cases  of  exception,  im- 
phes  the  vanishing  of  another  rational  integral  function,  then  this  function 
is  termed  a  syzygetic  function  of  the  others  ;  and  some  power  of  it  must  be 
expressible  under  the  form  of  a  sum  of  [i)  binary  products  of  rational  integral 
functions,  one  factor  of  each  of  which  products  must  be  one  of  the  {i)  given 
functions.  Wlien  the  vanishing  of  all  but  one  of  a  set  of  functions  in 
general  necessarily  imphes  the  vanishing  of  that  one,  but  subject  to  cases 
of  exception  for  specific  values  of  the  variables,  then  it  can  only  be  affirmed 
that  the  functions  of  the  set  are  in  syzygy ;  that  is  to  say,  that  the  sum  of 
the  products  of  each  of  them  respectively  by  some  rational  integral  function 
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the  evanescence  of  the  4thj  for  thus  only  can  the  necessary  con- 
formity betv>eeu  the  number  of  aflBrmative  conditions  and  the 
number  of  unimplicated  equations  come  to  take  effect.  The 
clear  and  direct  putting  in  evidence  of  this  peculiar  species  of 
implication  demands  and  deserves  to  be  minutely  considered; 
and  as  it  must  in  part  borrow  its  explanation  from  the  very 
little  yet  known  of  syzygetic  relations,  so  it  must  also  throw 
new  light  on  that  great  and  important,  but  as  yet  unformed  and 
scarcely  more  than  nascent  theory. 

In  conclusion,  it  is  apparent  from  the   demonstration  above 

will  be  zero  :  the  equation  expressing  this  relation  is  termed  a  syzygetic 
equation. 

Thus,  if  we  take  the  3  full  determinants  that  can  be  formed  out  of  the 
matrix 

a     at 
h    i3 
c     y, 
i.e.  aj3 — bx;     by — cji;     ex — ay, 

these  are  in  syzjgy,  for  we  can  form  the  equation 

cX{a^—b»)-\-a{by—c^)  +  b{coi—ay)=Q. 

This,  however,  is  not  the  only  equation  of  the  kind  that  can  be  formed,  for 

y{a^—b»)-\-  u{by—c^)-\-^{cct.—ay)=0 

is  also  identically  true.  We  see  in  this  case  that  the  evanescence  of  any  2 
of  the  3  functions  a^  —  bet;  by — c/3;  c» — a/3  vrAX  in  general  imply  the 
third,  subject,  however,  to  special  cases  of  exception.  Thus,  if  the  1st  and 
2nd  vanish,  the  3rd  must  vanish  unless  b  and  /3  both  vanish  ;  if  the  2nd 
and  3rd  vanish,  the  1st  must  vanish  unless  c  and  y  both  vanish;  if  the  3rd 
and  1st  vanish,  the  second  will  vanish  unless  a  and  «  both  vanish.  It  will 
thus  be  seen  that  a  peculiar  species  of  astricted  syzygy  obtains  between 
the  3  proposed  functions,  which  enables  us  to  affiim  that  in  general,  and 
except  under  extra  special  conditions,  all  three  must  vanish  simultaneously. 
If  2  out  of  the  3  vanish,  and  the  3rd  does  not  vanish,  it  is  not  merely  (as 
might  at  the  first  blush  of  the  theory  of  syzygy  be  conjectiued)  because 
some  one  other  function  vanishes  in  its  place,  but  necessarily  because  a  plu- 
rality of  entirely  independent  functions  (2  simple  letters  as  it  happens  here) 
each  separately  vanish.  Thus  we  sec  how  all  but  one  of  a  set  of  functions 
Xi'  Xi< '  ■  •  Xn  may  in  general,  and  yet  not  universally,  necessarily  vanish 
when  all  the  rest  vanish  :  to  say  that  one  syzygetic  equation  such  as 

Xl-X'l+X2-X'2+  •  ••  +Xn-X'n=0 

obtains,  is  not  enough  to  explain  the  circumstances  of  the  case ;  the  fact  is, 
that  several  distinct  systems  of  values  oi■x^^,x'2,  ■  ■  -Xn  "ill  ^^  found  cajjable 
of  satisfying  the  equation,  so  that  each  of  the  functions  xii  X2'  •  •  •  Xn  "ill  have 
a  system  of  syzygetic  factors  attached  to  it,  and  these  unrelated,  in  the  wide 
sense,  that,  if  we  take  x'n .  x"n  >  ^"^y  two  of  the  syzygetic  factors  attached 
to  Xn,  they  will  not  he  in  syzygy  with  ^i.  X2.  •  •  •  X"-'  J  so  tliat  when 
these  (n — 1)  functions  vanish,  the  vanishing  oi  x'n  •'"id  x">t  represents  two 
distinct  and  completely  indc])endent  conditions.  Thus,  in  fine,  the  mutual 
implication  of  functions  will  in  general  denote  the  possibility  of  forming  a 
series  of  syzygetic  equations  between  them, — a  remark,  this,  of  no  mmor 
importance. 
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given,  that  when  U,  a  function  of  {n)  variables,  becomes  express- 
ible as  a  function  of  [n—r)  orders,  these  orders  may  be  taken 
respectively  any  independent  linear  functions  of  the  linear  deri- 
vatives of  U,  which  remark  completes  the  theoiy  of  functions, 
subject  to  the  loss  of  one  or  more  orders.  It  is  obvious  (and  I 
am  indebted  to  my  esteemed  friend  Mr.  Cayley  for  the  remark), 
that  the  conditions  furnished  as  above  by  the  (m  — l)th,  i.  e. 
linear  derivatives,  are  identical  with  and  may  be  more  elegantly 
replaced  by  those  involved  in  the  assertion  of  the  existence  of 
linear  relations  between  the  1st  or  (m—l)th  degreed  derivatives, 
and  we  have  then  this  very  simple  rule;  if  <p,  a  function  of 
Xj,  Xg,  .  .  .  x„,  is  expressible  as  a  function  ofn — r  linear  functions 
ofxi,  Xg  .  .  .x„,  it  is  necessary  and  sufficient  that  (r)  independent 
linear  relations  shall  exist  between 

dxf)      d<^  d<^ 

This  rule  itself  also,  it  is  evident,  is  capable  of  an  independent 
and  immediate  demonstration  by  means  of  integrating  the  partial 
differential  equation  or  equations  by  which  it  admits  of  being 
expressed.  The  above  theory  may  readily  be  extended  to  func- 
tions of  several  systems  of  vai'iables.  Thus,  for  instance,  the 
determinant 

b 

a" 
vanishing  will  be  indicative  of  the  function 

a  xu  +  b  XV +  c  xw 
+  a'  yu+b'yv  +  c'yw 
+  a"zu  +  b"2:v  +  d'zw^ 
being  linearly  equivalent  to  a  function  of  the  form 

r     Kx?u'  +  Baj't-n 
\j^Cy^v!  +  'Dy'v'J 

i.  e.  losing  an  order  in  respect  of  each  of  the  two  systems  x,y,2; 
u,v,w ;  and  so  in  general. 

7  New  Square,  Lincoln's-Inn, 
January  7, 1 B53. 


a'       b'      c' 
.11     f^n     ^f, 
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XXI.  Analysis  of  Euclase.     By  J.  W.  Mallet,  Ph.D.'^ 
N  analysis  of  19'83  grs,  of  this  mineral  gave  the  following 


results  reduced  to  100  parts  : — 

Atomic  relations. 

Silica     ....     44-18  -950 

Alumina     .     .     .     31-87  '620 

Glucina      .     .     .     21-43  •564\  ^^^ 

Peroxide  of  iron  .       1-31  -016/^®^ 
Peroxide  of  tin     .         "35 

99-14 

These  numbers  are  not  far  from  those  of  Berzelius,  and  cor- 
respond nearly  to  three  atoms  silica,  two  alumina,  and  two  glu- 
cina, assumins;  the  latter  earth  to  be  a  sesquioxide,  and  hence 
we  have  the  formula  of  the  mineral  2G203,  SiO^  -f  2  (APO^,  SiO^) ; 
or,  if  alumina  and  glucina  be  isomorphous,  4(  APO^  -I-  G'-^O^),  3SiO^. 

The  fragments  of  crystals  employed  for  the  analysis  were  per- 
fectly clear  and  transparent,  of  a  very  light  mountain-green 
colour,  and  spec.  grav.  3036. 

Particular  care  was  taken  in  determining  the  presence  and 
amount  of  the  oxide  of  tin,  the  existence  of  which  in  this  and 
some  other  hard  silicates  appears  ven*  difficult  to  account  for, 
and  in  some  degree  connects  itself  with  the  question  of  the  adop- 
tion of  SiO''^  or  SiO"  as  the  formula  for  silicic  acid. 


XXII.   On  some  Facts  connected  with  Geometrical  Reasoning. 
By  John  Pope  HENXEssYf. 

IN  a  late  paper  on  some  geometrical  demonstrations,  t  alluded 
to  the  peculiar  difficulty  which  has  been  found  to  exist 
when  we  attempt  to  give  direct  proof  to  certain  theorems  in  ele- 
mentary geometry;  and  I  stated  my  belief  that  this  difficulty 
arose  from  a  defective  premiss  on  which  the  proof  depended. 
To  discover  the  precise  nature  of  such  defect,  I  compared  the 
definition  of  parallel  lines,  being  one  of  those  referred  to,  with 
the  remaining  definitions  and  axioms.  The  result  arrived  at  by 
this  comparison  I  venture  to  hope  will  somewhat  elucidate  the 
interesting  question  as  to  the  origin  of  Euclid's  reductio  ad 
absurdum. 

I  found  that  all  the  definitions  prefixed  to  the  first  book,  which 
are  used  in  the  Elements,  are,  with  one  exception,  affirmatives ; 
the  negative  definition  being  that  in  which,  according  to  my 
supposition,  a  defect  existed.     It  is  as  follows : — 

*  Communicated  by  the  Author, 
t  Communicated  bv  the  Author. 
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"  Parallel  right  lines  are  such  as  are  in  the  same  plane^  and 
which,  being  produced  continually  in  both  directions,  would 
never  meet/' 

Adopting  this  definition,  we  are  forced  to  give  an  indirect 
proof  to  the  XXVIIth;  but  if  we  change  its  form  to  an  affirma- 
tive^  that  proposition  can  be  proved  directly. 

I  also  found,  that  of  the  twelve  axioms  one  only  was  negative. 
This  led  me  immediately  to  discover  a  trivial,  but  extraordi- 
nary error,  which  the  editors  of  Euclid*  have  promulgated  in 
asserting  that  the  first  instance  of  indirect  proof  is  to  be  found 
in  the  demonstration  of  the  sixth  proposition.     The  incorrect- 
ness of  this  assertion  is  easily  shown  in  the  following  manner. 
The  so-called  axiom  in  question  is  the  tenth : — 
"Two  right  lines  cannot  enclose  a  space." 
This  is  used  by  Euclid  in  the  concluding  portion  of  the  proof 
he  gives  to  the  fourth  proposition.     It  is  needless  to  state  this 
proof  at  length,  as  I  wish  to  call  attention  only  to  the  following 
paragraph  : — 

''  Since  the  extremities  of  the  bases  BC  and  EF  coincide,  these 

lines  themselves  must  coincide ;  for  if  they  did  not,  they  would 

include  a  space  (Xth  ax.).  Hence  the  sides  BC  and  EF  are  equal." 

By  developing  this  argument,  as  we  generally  do  in  practice, 

the  latent  reductio  ad  ahsurdum  becomes  manifest. 

Since  the  extremities  of  the  bases  BC  and  EF  coincide,  the 
lines  themselves  must  coincide;  if  not,  let  EF  fall  above  BC  : 
according  to  the  tenth  axiom,  two  right  lines  cannot  enclose  a 
space,  but  here  two  right  lines  do  enclose  a  space,  which  is 
absurd.  In  the  same  manner  it  can  be  shown  that  EF  could 
not  fall  below  BC ;  and  as  it  cannot  fall  either  above  or  below, 
it  must  fall  on  it. 

If  the  hypothetical  assumption,  that  one  line  lie  above  the 
other,  was  not  adopted  by  Euclid,  why  does  he  call  in  the  aid  of 
the  Xth  axiom  ?  And  if  he  has  made  that  assumption,  his  line  of 
reasoning  is  analytical,  his  demonstration  clearly  indirect. 

As  in  the  preceding  instance,  the  substitution  of  an  aflBrmative 
premiss  will  permit  us  to  give  a  direct  proof  to  the  fourth  pro- 
position. Before  doing  so  I  wish  to  refer  to  a  collateral  cii'cum- 
stauce,  the  scholastic  controversy  about  geometrical  axioms, 
which  I  think  has  an  important  bearing  on  this  investigation. 

The  most  eminent  metaphysicians  have  differed  on  the  ques- 
tion, whether  we  should  regard  the  definitions  or  the  axioms  as 
the  principles  in  mathematical  science.  Mr.  Locke  was  in  favour 
of  the  former ;  he  says,  referring  to  the  case  of  an  individual 
who  has  learnt  that  the  square  of  the  hypothenuse  in  a  right- 

*  See  any  edition.     Dr.  Lardncr's,  p.  20;  Mr.  R.  Potts's,  p.  48. 
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angled  triangle  is  equal  to  the  sum  of  the  squares  of  the  two 
other  sides,  "  the  knowledge  that  '  the  whole  is  equal  to  all  its 
parts/  and  '  if  you  take  equals  from  equals  the  remainders  will 
be  equal/  helped  him  not,  I  presume,  to  this  demonstration  : 
and  a  man  may,  I  think,  pore  long  enough  on  these  axioms 
without  ever  seeing  one  jot  the  more  of  mathematical  truths*.^' 
It  is  remarkable  that  Dr.  Whewellf,  one  of  the  chief  opponents 
of  this  view,  should  have  cited  in  his  arguments  those  axioms  to 
which  Mr.  Locke  did  not  refer,  such  as  the  X.,  XI.  or  XII. 
And  ]VI.  D'Alembert  J,  whose  opinions  correspond  wath  those  in 
the  Essay  on  Human  Understanding,  appears  to  exclude  these 
three  from  the  list.  On  this  subject  Mr.  Dugald  Stewart  is 
perfectly  clear;  he  advocates  the  doctrine  that  the  axioms  are 
not  the  principles  of  our  reasoning,  and  he  says,  "  In  order  to 
prevent  cavil,  it  may  be  necessary  for  me  to  remark,  that  when  I 
speak  of  mathematical  axioms  I  have  in  view  only  such  as  are  of 
the  same  description  with  the  first  nine  of  those  which  are  pre- 
fixed to  the  Elements  of  Euclid §.'^  This  statement  he  subse- 
qiiently  reiterates. 

I  draw  attention  to  these  opinions  for  the  purpose  of  showing 
that  the  substitution  of  affirmatives  for  negatives  would  be  of 
importance  in  a  philosophical  point  of  view,  apart  from  the  fact 
of  its  being  productive  of  synthetical  reasoning,  in  permitting 
us  to  remove  from  the  list  of  axioms  those  three  which  never 
should  have  been  there,  and  about  which  much  speculative  and 
unsatisfactory  discussion  has  taken  place. 

Having  struck  out  the  tenth  and  twelfth  axioms,  and,  for  the 
present,  incorporated  the  eleventh  with  the  tenth  definition,  the 
only  substitutions  required  should  be  made  in  the  definitions  of 
parallel  and  straight  lines. 

In  place  of  the  XXXV.  I  would  propose  the  following : — 
Parallel  lines  are  such,  that  if  they  meet  a  third  right  line,  the 
two  interior  angles  on  the  same  side  will  be  equal  to  two  right 
angles. 

And  instead  of  the  IV.  definition  : — Right  lines  are  such  that 
if  they  coincide  in  any  two  points  one  line  must  lie  entirely  in 
the  other. 

It  may  be  urged  as  an  objection  against  the  first  of  these,  that 
it  is  not  as  self-evident  as  the  definition  it  professes  to  replace ; 
but  it  should  not  be  forgotten  that  Euclid  uses  two  definitions ; 
and  that  the  one  here  put  forward,  by  which  all  the  properties  of 

•  Essay  on  the  Human  Understanding,  vol.  i.  p.  305. 

t  Philosophy  of  the  Inductive  Seiences,  2nd  edit.  vol.  ii.p.  601. 

X  Encyclope'die.     Disconrs  prcUminaire  des  editeurs,  xvi. 

§   Philosophy  of  the  Human  Mind,  vol.  ii.  pp.  40  and  527. 
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parallel  lines  maybe  deduced^  is  certainly  as  obvious  as  that  to  which 
he  improperly  gave  the  title  of  axiom.  The  numerous  attempts 
which  have  been  made  to  supersede  his  theory  have  generally 
been  met  by  two  objections, — (1),  that  the  subsequent  demon- 
strations are  much  more  complex,  (2)  and  full  of  embarrassing 
rednctio  ad  absurdinn.  These  are  put  forward  by  Dr.  Lardner 
very  clearly ;  he  says,  "  Allien  you  have  once  admitted  Euclid^s 
axiom,  all  his  theorems  flow  from  that  and  his  definition,  as  the 
most  simple  and  obvious  inferences.  In  other  theories,  after 
conceding  an  axiom  much  further  removed  from  self-evidence 
than  Euclid's,  a  labyrinth  of  complicated  and  indirect  demon- 
stration remains  to  be  threaded,  requiring  much  subtlety  and 
attention  to  be  assured  that  error  and  fallacy  do  not  lurk  in  its 
mazes." 

It  will  presently  be  seen  that  the  demonstrations  I  propose  to 
give  are  not  open  to  either  of  those  objections ;  whereas  Euclid's, 
a  fact  which  Dr.  Lardner  appears  to  have  overlooked,  are  most 
decided  specimens  of  indirect  proof. 

The  definitions  given  by  Euclid  of  a  right  line  and  plane  sur- 
face are  precisely  the  same,  and  have  been  objected  to  for  many 
reasons,  of  which,  I  conceive,  the  most  serious,  that  they  cannot 
be  used  in  his  geometry,  is  equally  applicable  to  those  given  by 
Archimedes  and  Plato.  Now  M.  Legendre  has  adopted  the 
definition  of  a  straight  line  given  by  the  former,  that  it  is  the 
shortest  distance  between  any  two  points ;  but  he  has  not  taken 
Archimedes'  definition  of  a  plane  surface,  which  is  exactly 
similar  :  in  this  case  he  has  substituted  for  Euclid's  the  following, 
attributed  to  Hero  : — "A  plane  surface  is  such  that  the  right  line 
joining  every  two  points  which  can  be  assumed  upon  it  lies 
entirely  in  the  surface."  This  definition  has  received  the  unani- 
mous approbation  of  modern  geometers,  even  those  most  conser- 
vative of  Euclid's  arrangement.  It  is  not  this,  however,  which 
induced  me  to  make  a  definition  of  right  lines  precisely  similar; 
but  the  moi-e  important  fact,  that  every  other  definition  I  have 
seen  w^as  either  of  no  utility  in  geometric  reasoning  or  of  a  nega- 
tive form.  I  cannot  avoid  citing  the  tacit  acknowledgement 
that  such  a  definition  is  better  than  Euclid's  Xth  axiom,  which  is 
given  by  Mr.  Mill*,  in  tracing  deductive  truths  to  their  original 
inductive  foundation.  He  proves  the  fifth  proposition  from  first 
principles  by  six  formula?,  the  third  of  which  is  "  straight  lines 
having  their  extremities  coincident  coincide."  It  is  obvious  that 
the  simplicity  and  elegance  of  the  proof  in  this  case  would  have 
been  interfered  wath  if  this  definition  has  not  been  assumed. 

*  System  of  Logic,  2nd  edit.  vol.  i.  p.  286. 
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The  following  are  the  direct  demonstrations  of  the  twenty- 
seventh  and  twenty-ninth  propositions,  which  flow  from  the 
definition  of  parallel  lines  I  have  given. 

XXVII.  If  a  line  intersect  two  right  lines 
and  make  the  alternate  angles  equal  to  each 
other,  these  right  lines  arc  parallel.  DCB 
and  ECB  are  equal  to  two  right  angles,  but 
the  former  is  equal  to  ABC,  therefore  ABC 
and  ECB  are  equal  to  two  right  angles; 
therefore  (def.)  AB  and  CD  are  parallel. 

XXIX.  If  a  right  line  intersect  two  parallel  right  lines  it  malces 
the  alternate  angles  equal.  (In  the  same  figure)  ABC  and  ECB 
are  equal  to  DCB  and  ECB ;  therefore  ABC  and  DCB  are  equal. 

IV.  Having  assumed  the  definition  which  I  suggest,  a  direct 
demonstration  immediately  occurs  :  this  is  so  obvious  that  a 
proof  is  unnecessary. 

The  fact  that  this  proposition  is  proved  indirectly,  and  that 
such  a  form  of  proof  only  can  be  given  to  it,  unless  an  alteration 
similar  to  what  I  have  made  be  adopted,  may  point  out  a  method 
of  testing  the  accuracy  of  the  veiy  interesting  conjecture  which 
Mr.  Sylvester  has  published  on  this  subject.  For  example,  if  it 
is  indispensable  for  the  proof  of  the  following  theorem,  I  think 
Ave  should  assume  such  proof  to  be  fundamentally  indirect :  the 
theorem  is  taken  from  ]\lr.  Sylvester^s  paper  which  appeared  m 
the  Philosophical  Magazine  for  November  1852,  but  according 
to  his  criterion  should  admit  of  the  direct  form ; — "  To  prove 
that  if  from  the  middle  of  a  circular  arc  two  chords  be  drawn, 
and  the  nearer  segments  of  these  cut  off  by  the  line  joining  the 
end  of  the  arc  be  equal,  the  remoter  segments  will  also  be  equal." 
It  is  difficult  to  conceive  any  proof  of  this  theorem  which  would 
not  ultimately  rest  on  the  fourth  proposition,  and  consequently  rest 
on  reductio  ad  ahsurdum.  Such  a  proof,  however,  may  be  found 
to  exist,  although  the  writer  of  this  paj)er  has  been  unable  to  dis- 
cover it.  An  opinion  differing  from  Mr.  Sylvester's,  in  a  mathe- 
matical inquiry  where  certainty  has  not  been  arrived  at,  should 
be  put  forward  with  diffidence ;  still  more  so  when  that  gentle- 
man's conjecture  has  received,  to  a  certain  extent,  the  approval 
of  Professor  De  ^lorgan  *. 


Queen's  College,  Cork, 
December  28,  1852. 


See  Phil.  Mag.  December  1852. 
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Nov.  25/  I  ''HE  following  papers  were  read  : — 

1852.     -*-       1.  "New  solution  of  Kepler's  Problem."     By  Pro- 
fessor P.  A.  Hansen. 

It  is  well  known  how  much  labour  has  been  bestowed  by  geometers 
on  the  solution  of  Kepler's  Problem,  and  what  complicated  results 
have  been  obtained  for  the  coefficients  in  the  expression  for  the 
Equation  of  the  Center.  I  have  lately  found  a  new  solution  of  this 
problem,  which  differs  strikingly  from  former  solutions  in  this  respect, 
that  it  leads  to  an  unexpectedly  simple  law  of  coefficients.  It  is  as 
follows  : — 

Let  g  be  the  mean  anomaly  ; 

ip  be  the  angle  of  excentricity  ; 
i  be  any  positive  integer  number. 

Put  /3=  tan  ^,  u  =  j  cos®  t, 
'  2^  2 

P.=l  +  ,+  ^+JlL+&c.+  ^-^.  Q,=  I-„ 

&c. 
Then  the  Equation  of  the  Center 

=  (l-/3'2)2;^Jp.-./3,  +  Pi+..Q,./3'+2  +  p.,.2.Q,.^>+''+&c.jsinf>. 

The  analysis  which  has  led  me  to  this,  and  the  form  of  this  result, 
are  by  no  means  peculiar  to  the  Equation  of  the  Center  only,  but  apply 
to  all  functions  which  it  is  necessary  to  develope  in  series  proceeding 
by  sin  iff  or  cos  ig. 

2.  "  An  Experimental  Inquirj'  undertaken  with  the  view  of  ascer- 
taining whether  any,  and  what  signs  of  Current  Force  are  manifested 
during  the  organic  process  of  Absorption  (Lacteal)  in  living  ani- 
mals."—Part  n.     By  H.  F.  Baxter,  Esq. 

In  the  experiments  related  in  this  paper,  it  is  shown  that  when  the 
electrodes  of  a  galvanometer  are  brought  into  contact,  one  with  the 
mucous  membrane  of  the  intestine,  and  the  other  with  the  chyle 
flowing  from  the  lacteal  of  the  same  point,  an  effect  upon  the  needle 
occurs  indicating  the  chyle  to  be  positive.  The  effects  may  be  partly 
due  to  the  changes  which  take  place  during  secretion,  the  mesentery 
acting  as  a  conducting  body ;  this  supposition  however  will  not 
negative  the  conclusion  that  the  effects  may  be  attributed,  in  some 
measure  at  least,  to  the  changes  which  occur  during  lacteal  ab- 
sorption. 

3.  "An  Experimental  Inquiry  undertaken  with  the  view  of  ascer- 
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taining  whether  any,  and  what  signs  of  Current  Force  are  manifested 
during  the  organic  process  of  Assimilation  in  the  Muscular  and 
the  Nervous  Tissues  in  living  animals." — Part  III.  By  H.  F,  Baxter, 
Esq. 

§  I.   On  the  existence  of  Current  Force  in  the  Muscular  Tissues. 

After  relating  the  conclusions  arrived  at  by  Matteucci  in  refer- 
ence to  the  origin  of  the  muscular  current,  the  author  endea- 
voured to  obtain  more  direct  evidence  by  forming  a  circuit  between 
the  muscular  tissue  and  the  venous  blood  ;  the  effects  however  were 
but  slight,  they  nevertheless  indicated  the  tissue  and  the  venous  blood 
to  be  in  opposite  electric  states.  The  results  of  the  experiments 
tend  to  confirm  the  inferences  of  Matteucci. 

§  II.   On  the  existence  of  Current  Force  in  the  Nervous  Tissues. 

After  referring  to  the  results  obtained  by  Pacinotti,  Puccinotti 
Matteucci,  and  Du  Bois  Reymond,  experiments  are  related  in  which 
it  is  shown  that  if  one  electrode  be  inserted  into  the  substance  of  the 
brain,  and  the  other  be  brought  into  contact  with  the  blood  flowing 
from  the  internal  jugular  vein,  an  effect  upon  the  needle  occurs  in- 
dicating the  blood  to  be  positive ;  an  effect  also  was  easily  obtained 
if  the  latter  electrode  was  placed  in  contact  with  any  other  part  of 
the  animal,  such  as  the  muscles.  Reasoning  from  the  results 
obtained,  combined  with  physiological  evidence,  it  was  considered 
that  they  tend  to  establish  the  conclusion  that  the  effects  are  due  to 
the  changes  which  occur  during  the  organic  process  of  assimilation 
or  nutrition. 

4.  "  On  the  Theory  of  Waves."  Bv  Andrew  John  Robertson, 
Esq. 

The  author  remarks  that  in  the  seventh  volume  of  the  Cambridge 
Philosophical  Transactions,  Mr.  Earnsliaw  has  a  paper  on  the  Ma- 
thematical Theory  of  the  Waves  of  Translation,  and  that  the  objection 
to  the  theory  therein  given  has  been  pointed  out  by  Professor  Stokes 
in  a  Report  to  the  British  Association,  namely,  that  it  requires  a 
mathematically  sudden  generation  and  destruction  of  motion.  Pre- 
viously to  his  having  an  opportunity  of  reading  Mr.  Earnshaw's 
paper  he  had  considered  the  subject  in  a  manner  entirely  different 
(Phil.  Mag.  Dec.  1850,  March  18.51).  The  analysis  he  then  em- 
ployed was  not  however  such  as  to  lead  to  results  sufficiently  general, 
and  he  has  in  consequence  now  employed  a  higher  analysis,  in  the 
application  of  which  he  acknowledges  himself  indebted  to  Mr.  Earn- 
shaw's paper  for  considerable  assistance. 

Taking  the  results  deduced  by  Mr  Scott  Russell  from  his  expe- 
rimental inquiry  as  the  basis  of  his  investigation,  the  author  assumes, 
—  1st,  that  the  horizontal  motion,  produced  by  the  passage  of  a 
wave,  in  every  particle  of  any  vertical  column  is  tbe  same  ;  and 
2nd,  that  the  velocity  of  transmission  is  uniform.  On  these  prin- 
ciples he  deduces  the  value  of  c,  the  velocity  of  transmission, 

in  which  h  is  the  depth  of  undisturbed  waters ;  2k  is  the  height  of 
a  positive  and  the  depth  of  a  negative  wave  ;  and  g  the  accelerating 
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force  of  gravity.  Hence  it  appears  that  the  velocity  is  greater  for  a 
positive  than  for  a  negative  wave  in  the  same  channel. 

Comparing  this  result  with  ]\Ir.  Scott  Russell's  experiments,  it 
appears  that  on  fourteen  experiments  of  positive  waves,  the  total 
error  is  3^  per  cent,  on  the  sum  of  all  the  velocities  ;  and  that  on 
sixteen  experiments  of  negative  waves,  the  error  is  scarcely  2  per  cent, 
on  the  sum  of  all  the  velocities.  The  author  infers  that  it  may 
therefore  be  safely  considered  that  the  experiments  bear  out  the 
theory,  which  shows  that  the  positive  and  negative  waves  are  phe- 
nomena of  the  same  class,  and  not  distinct,  as  maintained  by  Mr. 
Scott  Russell  and  I\lr.  Earnshaw. 

The  next  point  considered  is  the  horizontal  motion  of  the  indi- 
vidual particles  occasioned  by  the  passage  of  a  wave.  It  is  shown 
that  the  velocity  of  any  particle  is  shown  by  the  equation 

-  h±2k        ^^  ^ 

in  which    fl  =  -A    /  I  ^rr=r—l\  •       —"       ). 

At  the  crest  of  the  wave  this  becomes  +c—^ — -;   and  when  the 

~'   h  +  'Ik 

height  of  the  wave  is  equal  to  the  depth  of  the  water,  the  velocity  is 

c 

— ,  or  half  the  velocity  of  the  wave  itself.     In  a  negative  wave  the 

motion  of  the  particles  is  in  the  direction  opposite  to  that  in  which 
the  wave  is  moving. 

According  to  Mr.  Scott  Russell's  observations,  a  wave  breaks 
when  its  height  is  equal  to  the  depth  of  water,  but  the  author  con- 
siders that  Mr.  Russell  did  not  succeed  in  producing  a  wave  of  a 
cusped  form  at  once,  and  that  it  assumed  that  form  and  broke  only 
when  it  travelled  up  a  channel  with  a  rising  bottom.  He  further 
observes,  that  at  the  commencement  and  termination  of  the  motion, 
the  direction  of  the  particle  is  vertical ;  under  the  crest  of  the  wave 
it  is  horizontal ;  and  that  the  path  has  an  oval  form,  but  evidently 
not  an  elHpse.  He  next  deduces  X,  the  length  of  a  wave,  in  terms 
of  T,  the  period  of  the  wave,  or  the  time  which  elapses  from  the 
commencement  to  the  termination  of  the  motion  of  a  particle,  viz. 

X  =  cl\  /-A-   ; 

V   h  +  -2k 

on  which  equation  he  remarks,  that  setting  aside  the  variation  caused 
by  a  change  in  the  value  of  k,  both  in  that  of  c  and  in  the  radical, 
the  length  of  the  wave  varies  directly  as  T ;  and  that  we  have  thus 
an  explanation  of  the  observed  fact,  that  a  wave  becomes  gradually 
diminished  in  height  and  increased  in  length. 

The  author  then  enters  on  the  subject  of  OsciUating  Waves.  He 
remarks  that,  in  the  wave  of  tran.slation,  it  appears  from  the  preceding 
investigation,  that  the  horizontal  and  vertical  motions  of  the  particles 
commence  and  terminate  together ;  and  that  consequently  the  par- 
ticles left  at  rest  when  the  wave  has  passed  must  continue  in  the 
same  state,  unless  some  fresh  disturbance  again  set  them  in  motion. 
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But  if  the  vertical  motion  were  at  its  greatest  when  the  horizontal 
motion  was  destroyed,  the  particles  would  oscillate  in  both  directions, 
and  a  disturbance  once  given  would  continue  until  friction  or 
external  force  destroyed  it.  He  further  observes,  that  it  has  been 
shown  by  Mr.  Airy  (Encyc.  Metrop.)  that  the  motion  of  the  particles 
in  oscillating  waves  diminishes  in  a  geometrical  ratio  as  their  di- 
stance below  the  surface  increases,  which  result  agrees  with  Mr. 
Scott  Russell's  observations ;  but  that  it  is  interesting  to  examine 
whether  a  series  of  oscillatory  waves  can  exist  in  a  channel  of  uniform 
breadth  and  depth,  upon  the  supposition  that  the  horizontal  excursion 
of  the  particles  is  the  same  from  the  top  to  the  bottom.  From  the 
analytical  investigation  of  the  author,  it  appears  that  there  can  exist 
in  a  channel  of  uniform  breadth  and  depth  a  series  of  waves  of  the 
same  magnitude  and  moving  with  the  same  velocity.  In  the  case 
of  rivers,  the  tide- wave  appears  to  be  of  this  description.  If  the 
effect  of  friction  on  the  bottom  be  neglected,  the  horizontal  velocity 
of  the  particles  may  be  considered  to  be  the  same  throughout  the 
whole  depth — and  the  motion  is  oscillatory,  if  that  due  to  the  stream 
be  separated.  But  the  length  of  the  wave  is  very  great  in  com- 
parison with  the  depth,  and  the  vertical  motion  is  so  slight,  that  it 
may  be  neglected  altogether.  On  this  supposition,  which  simplifiea 
the  investigation,  the  velocity  for  a  wave  of  translation  is 

and  for  an  oscillating  wave  is  {h-\-k).    /— ; 

which  differ  but  little  from  the  results  previously  obtained,  and  are 
rather  in  excess,  as  was  to  be  expected,  when  no  part  of  the  force 
has  been  expended  in  producing  vertical  motion. 

Referring  to  the  solution  of  this  problem,  given  by  Mr.  Airy  in 
the  Encyclopaedia  Metropolitana,  and  the  equation  there  arrived  at, 
the  author  states  that  it  is  with  great  diffidence,  and  not  until  after 
the  most  careful  examination,  that  he  ventures  to  question  the 
accuracy  of  this  result.  In  a  further  investigation,  he  points  out 
the  source  of  this  inaccuracy  ;  and  in  conclusion  observes,  that  it 
must  be  confessed  to  be  unsatisfactory  to  i)oint  out  an  error  without 
supplying  the  deficiency  caused  by  it.  but  that  the  analytical  diffi- 
culties are  such,  that  he  cannot,  consistently  with  the  attention 
required  by  other  avocations,  attemi)t,  for  the  present  at  least,  to 
continue  an  investigation  whicli  is  interesting  as  a  matter  of  science 
and  useful  in  its  application  to  hydraulic  engineering. 

Dec.  9. — The  following  papers  were  read. 

1.  "  An  Exj)eriniental  Inquiry  undertaken  with  the  view  of  ascer- 
taining whether  any  signs  of  Current  Electricity  are  manifested  in 
Plants  during  vegetation."     By  H.  F.Baxter,  Esq. 

In  the  present  communication  the  author  has  related  the  experi- 
mental results  that  he  has  arrived  at,  and  which  tend  to  show  that 
electric  currents  exist  in  the  leaves  and  in  the  roots  or  spongioles  of 
plants.  Becquerel  and  Wartmann  have  already  proved  that  electric 
currents  may  be  obtained  in  different  parts  of  vegetables,  but  the 
object  of  the  paper  is  to  point  out  the  connection  of  the  currents  in 


126  Royal  Society. 

the  above-named  organs  with  the  vital  or  organic  changes  which 
take  place  in  them. 

In  consequence  of  the  secondary  actions  which  occur  at  the  elec- 
trodes some  difficulty  is  experienced  in  ascertaining  the  true  or 
normal  result  in  the  roots.  Combining  however  the  facts  obtained 
by  means  of  the  galvanometer  with  analogical  evidence,  the  author 
considers  that  they  tend  to  establish  the  conclusion,  that,  during  the 
changes  which  occur  in  the  leaves  and  in  the  roots  of  plants,  current 
electricity  is  manifested. 

2.  "  On  the  relation  of  Cardioids  to  Ellipses."  By  Joseph 
Jopling,  Esq. 

The  object  of  this  communication  is  to  point  out  the  relation  of 
Cardioids  to  Ellipses,  and  that  the  former  as  well  as  the  latter  are 
related  to  and  deducible  from  the  cone. 

The  author  remarks  that  the  motions  of  the  common  trammel  show 
most  beautifully  the  mechanical  relation  of  ellipses  and  cardioids,  and 
that  they  are  thus  reciprocals  of  each  other  ;  that  an  ellipse,  as  is 
weU  known,  is  a  plane  section,  or  a  projection  of  a  plane  section  of  a 
cone  upon  any  other  plane,  the  limits  being  the  circle  and  the  right 
line  ;  and  a  cardioid  is  also  a  projection  from  a  cone  ;  the  difference 
being  that  the  cardioid  is  obtained  from  a  curved  section,  formed  by 
the  intersection  of  a  sphere  or  other  curved  solid  with  a  cone. 

After  referring  to  properties  of  the  sections  of  cones  by  spheres 
depending  on  the  magnitude  of  the  vertical  angles  of  the  cone,  the 
author  states  that  these  and  many  other  new  curves,  their  relations, 
and  new  properties  of  the  cone  and  the  sphere  are  made  most  clearly 
manifest,  and  numerous  practical  results  are  very  readily  obtained  by 
the  application  of  a  double  scale  of  sines  to  the  rays  of  the  cone — 
distributed  equally  on  the  plan — correspondingly  on  the  elevation,  and 
on  the  developed  surface,  or  on  any  other  projection  of  the  cone. 

He  considers  that  it  is  of  great  importance  that  some  method 
should  be  devised  to  give  appropriate  names  to  these  new  curves, 
especially  those  so  e\'idently  and  intimately  related  to  old  ones. 
Thus  the  curved  intersection  of  a  cone  and  a  sphere,  from  which  the 
cardioid  is  projected  on  the  base,  and  wliich  has  then  the  cusp  turned 
symmetrically  inwards,  by  another  projection  on  a  vertical  plane 
gives  a  symmetrical  line  with  the  cusp  turned  outwards,  having 
other  distinct  points  of  change  in  the  curvature. 

As  ellipses  are  related  to  cardioids,  so  it  is  stated  are  hyperbolas 
in  a  similar  way  related  to  conchoids ;  conchoids  to  their  mechani- 
cal reciprocals  ;  and  parabolas  to  cissoids  ;  amongst  the  vast  number 
of  curves,  any  of  which  can  conveniently  be  derived  by  scales  prac- 
tically from  the  cone. 

By  this  method  it  is  considered  that  not  only  projections  of  curved 
sections  of  cones,  spheres,  &c.  are  obtained  with  ease,  but  also  by 
means  of  scales,  ruled  papers,  hollow  cones  and  diagrams,  the  plane 
sections  of  cones,  and  all  projections  from  them  are  greatly  facilitated. 

In  conclusion  the  author  remarks,  that  if  this  subject  can  be  en- 
tertained by  the  Royal  Society,  he  will  make  copies  of  a  series  of 
diagrams  to  illustrate  what  he  has  here  stated  in  reference  to  scales 
applied  to  cones  to  obtain  cardioids,  &c. 
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A  paper  was  read,  entitled  "  On  the  Solution  of  Urinary  Calculi 
in  dilute  Saline  Fluids,  at  the  temperature  of  the  body,  by  the  aid  of 
Electricity."  By  H.  Bence  Jones,  M.D.,  F.R.S.,  Physician  to  St. 
George's  Hospital. 

In  1848  the  author  first  attempted  to  dissolve  calculi  in  a  solution 
of  nitrate  of  potash,  by  placing  them  at  the  same  time  between  the 
electrodes  of  a  galvanic  battery ;  an  effect  was  produced  on  the  uric 
acid  at  the  negative  pole,  but  no  very  decided  result  was  obtained. 
The  experiments  were  resumed  during  the  last  summer. 

The  results  with  uric  acid  calculi  may  be  thus  arranged.  The 
action  was  chiefly  at  the  negative  electrode, 

Eiperi-  Duration  of  Power  of 

menu,  experiment.    Strength  and  temperature  of  solution.  Battery.  Result, 

n  m                                                                         o  '  grs. 

1.  4              Saturated  solution  of  nitre    212  ...     10     ...  0^  dissolved. 

2.  6     5         i  nitre,  I  water  109  ...       5     ...  11 

3.  6  10            „              „       101  ...     10     ...  14 

4.  6  20             „               „       100  ...     10     ...  16 

5.  6  45             „               „       106  ...     10     ...  12 

6.  3  17            „              „       98  ...     20  pair  27^ 

Oxalate  of  lime  calculi  were  then  tried. 

1.  7              .^^  nitre,  I  water  90  ...  5  ...  0^  dissolved. 

2.  7                   „               „       104  ...  10  ...  2 

3.  6  15         In  sulphate  of  soda 101  ...  10  ...  2 

4.  5  45         In  common  salt  102  ...  10  ...  1 

5.  6  10         i  nitre,  I  water  108  ...  20  ...  6 

^-        ^19  {^"oda''''^!'.^!'.?^''''.?!}^^'^  -  20  -  1  dissolved. 

-          ,   p  J I  nitre  with  bichromate  of  1  ,,,  2o  2 

^      \     potash J 

8.  3  17         ^  nitre 110  ...  20  ...  2i 

9.  2  50         i  nitre 92  ...  20  ...  2'- 

10,         3                   „      100  ...  40  ...  5 

Hence  oxalate  of  lime  calculi  can  be  only  very  slowly  dissolved  in 
a  solution  of  nitrate  of  potash,  which  acts  far  more  energetically  on 
uric  acid  calculi.  The  action  is  at  least  four  times  greater  on  uric 
acid  calculi.  Oxalates  with  urates,  and  oxalates  with  phosphates, 
were  found  to  be  far  more  rapidly  acted  on  than  oxalate  of  lime  alone. 

Pbosphatic  calculi  were  then  taken,  A  piece  of  hard  phosphate  of 
lime  gave 

Duration  of    Strength  and  tempera-  Power  of 

Experiments.                       experiment.          ture  of  solution.  battery.                  Result, 
h  m                                                                                           grs. 

1 1^        ^  nitre,  I  water     102  ...     10  pair  ...     15 

2.  with  fusible  calculus  1   13         „               „           96  ...     20  ...     31 

The  action  was  chiefly  at  the  positive  electrode. 

Experiments  with  marble." 

1 5i         .^  nitre    104     ...     10  ...     27i 

2 6i      {^"J.k^^^''.°^}lO^     -     10  -       -'i 

From  these  experiments,  then,  the  following  conclusions  are  drawn  : 
— From  two  to  nine  grains  of  uric  acid  calculus  can  be  dissolved  in  an 
hour  in  a  neutral  dilute  solution  of  nitre  at  the  temperature  of  the 
body,  whilst  in  the  same  time  from  two  to  twenty- five  grains  of 
pbosphatic  calculus  can  be  dissolved.  However,  only  from  half  a 
grain  to  two  grains  of  oxalate  of  lime  can  be  removed  bv  the  same 
Phil.  Mag.  S.  4.  Vol.  5,  No.  30.  Feb.  1853.  L 
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means  in  the  same  time.  Still,  if  the  stone  consists  of  oxalate  with 
urate,  from  one  to  two  grains  may  be  dissolved  in  an  hour  ;  and  if  it 
consists  of  oxalate  with  phosphate,  from  four  and  a  half  to  five  and  a 
half  grains  can  be  taken  away  in  that  time. 

These  results  may  be  obtained  with  calculi  which  have  been  long 
removed  from  the  bladder,  and  have  been  dried  at  '212°. 

MM.  Prevost  and  Dumas  in  1823  proposed  to  treat  calculi  by  the 
galvanic  pile.  By  means  of  the  mechanical  action  of  the  mixed  gases 
evolved  by  decomposing  water,  they  found  that  phosphatic  calculi 
might  be  disintegrated.  The  chemical  action  of  the  substances 
evolved  by  galvanic  action  on  the  surface  of  calcuU  was  not  deter- 
mined by  them. 

Jan.  6,  1853. — A  paper  was  read,  entitled  "  On  Molecular  Influ- 
ences. Sect.  I.  Transmission  of  Heat  through  Organic  Structures." 
By  John  Tyndall,  F.R.S. 

In  this  paper  the  author  has  examined  the  influence  exerted  by 
the  molecular  structure  of  wood  upon  the  passage  of  heat  through 
the  substance.  Finding  the  usual  modes  of  determining  the  con- 
ductivity of  bodies  inadequate  to  his  purpose,  he  has  been  led  to 
the  construction  of  a  new  instrument  which  is  capable  of  indicating 
very  slight  differences  of  transmissive  power. 

A  cubical  space  is  cut  out  of  the  centre  of  a  rectangular  slab  of 
mahogany.  The  same  slab  holds  a  thermo-electric  pair  of  bismuth 
and  antimony,  which  are  fixed  in  trenches  cut  out  to  receive  them. 
The  junction  of  the  pair  (which  is  of  a  V-shape)  abuts  from  one  of 
the  faces  of  the  cubical  space  just  mentioned ;  the  end  of  a  wooden 
slider  forms  the  opposite  boundary  of  the  cubical  space,  and  against 
this  end  a  platinum  wire,  bent  several  times  up  and  down  so  as  to 
form  a  kind  of  micrometer-grating,  is  laid  and  imbedded  in  the 
wood.  A  small  projection  of  ivory  abuts  at  each  side  of  the  bismuth 
and  antimony  junction,  and  from  one  projection  to  the  other  a  thin 
membrane  is  drawn,  thus  enclosing  a  space  in  front  of  the  junction, 
which  is  filled  with  mercury.  Two  similar  projections  jut  at  the 
sides  of  the  micrometer-grating,  and  across  from  one  projection  to 
the  other,  a  second  membrane  is  stretched,  thus  enclosing  another 
chamber  in  front  of  the  wire.  This  chamber  is  also  filled  with  mer- 
cury, and  against  the  wire  a  thin  plate  of  mica  is  cemented,  thus 
preventing  all  contact  between  the  two  metals.  From  the  free  ends 
of  the  bismuth  and  antimony  bars  wires  proceed  to  a  delicate  galva- 
nometer. 

The  substances  to  be  examined  by  this  instrument  are  reduced  to 
the  cubical  form  and  placed  between  the  two  membranes  ;  the  slider 
being  brought  closely  up  against  the  cube,  the  latter  is  clasped 
firmly  between  the  rigid  projections  before-named.  The  membranes 
are  pressed  gently  against  the  two  opposite  faces  of  the  cube  by  the 
mercury  behind,  and  thus  a  contact  is  secured  which,  as  the  mer- 
cury is  not  changed  during  an  entire  series  of  experiments,  remains 
perfectly  constant.  This  is  a  most  important  point  in  experiments 
of  this  nature,  for  when  the  conditions  of  contact  vaiy  in  even  a 
slight  degree,  comparable  results  are  out  of  the  question.  This 
remark  of  course  applies  exclusively  to  an  inquiry  like  the  present, 
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where  the  object  is  to  detect  minute  differences  of  molecular  action. 
The  protruding  ends  of  the  micrometer- wire  are  united  to  the  poles 
of  a  small  galvanic  battery,  and  the  wire  is  heated  by  the  passage  of 
the  current ;  the  heat  is  transmitted  through  the  film  of  mica  to  the 
mass  of  mercury  in  front,  which  thus  becomes  the  source  of  heat 
immediately  applied  to  the  face  of  the  cube.  The  current  is  per- 
mitted to  circulate  through  the  bent  wire  for  60  seconds.  During 
this  time  the  heat  passes  from  the  face  of  the  cube  in  contact  with 
the  source  to  the  opposite  face ;  the  quantity  transmitted  to  the 
opposite  face  at  the  end  of  a  minute,  will  of  course  depend  on  the 
conductivity  of  the  body  in  the  given  direction.  This  quantity  is 
measured  by  its  effect  upon  the  galvanometer. 

The  temperature  of  the  source  will,  of  course,  depend  upon  the 
amount  of  electricity  transmitted  through  the  bent  wire,  and  to  pre- 
serve this  amount  perfectly  constant  from  day  to  day,  a  tangent 
galvanometer  and  rheostat  are  introduced  into  the  voltaic  circuit ;  a 
current  which  produces  the  invariable  deflection  of  35°  is  made  use  of 
to  heat  the  wire.  By  this  arrangement  experiments  which  are 
separated  from  each  other  by  long  intervals  of  time  are  rendered 
strictly  comparable. 

In  the  manner  above  indicated,  tlie  author  has  submitted  fifty- 
four  different  kinds  of  wood,  both  English  and  foreign,  to  examina- 
tion. The  cubes  were  taken  so  that  four  faces  of  each  were  parallel 
to  the  fibre,  and  the  remaining  two  consequently  perpendicular  to  it. 
Of  the  four  parallel  to  the  fibre,  two  opposite  ones  were  parallel  to 
the  ligneous  layers,  and  the  other  two  perpendicular  to  them.  The 
amount  of  heat  transmitted  in  60  seconds  across  the  mass  of  each 
cube  in  these  three  directions,  respectively,  was  determined  in  the 
way  described,  and  the  following  law  of  action  established  : — 

At  all  points  except  the  centre  of  the  tree,  wood  possesses  three  un- 
equal axes  of  calorific  conduction  which  are  at  right  angles  to  each 
other.  The  first  and  greatest  axis  is  parallel  to  the  fibre ;  the  second 
axis  is  perpendicular  to  the  fibre,  and  to  the  annual  layers  of  the  wood ; 
while  the  third  and  least  axis  is  perpendicular  to  the  fibres  and  parallel 
to  the  layers.  It  is  observed  that  these  axes  of  calorific  conduction 
coincide  in  order  of  magnitude  and  in  direction  with  the  axes  of 
elasticity  discovered  by  Savart. 

The  author  furthermore  points  out  the  existence  of  two  other 
systems  of  axes  in  wood, — the  axes  of  cohesion  and  the  axes  of  fluid 
permeability,  both  of  which  coincide  with  the  axes  of  calorific  con- 
duction. 

Experiments  have  been  made  on  the  conductivity  of  various  other 
bodies,  and  the  non-conducting  powers  of  the  substances  which  enter 
into  the  composition  of  organic  tissues  is  strikingly  exhibited.  From 
comparative  experiments  with  quartz  and  some  other  substances,  the 
author  points  out  the  influence  which  a  mass  of  silica  exposed  to  the 
sun's  rays,  as  in  the  African  deserts,  must  exert  upon  climate. 

The  paper  concludes  with  experiments  on  some  other  organic 
structures  :  Tooth  of  Walrus,  Tooth  of  Elephant,  Whaltboue.Rhi- 
noceros's-horn,  Cow's-horn  ;  and  which  show  how  small  is  their  trans- 

L3 
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missive  power :  that  of  sealing-wax,  bees'-wax,  sole-leather,  glue, 
gutta-percha.  India-rubber,  filbert-kernel,  almond-kernel,  boiled  ham- 
muscle,  raw  meat-muscle,  appears  to  be  unappreciable  by  the  method 
described. 
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Nov.  12,  1852.— On  a  New  Method  of  Computing  the  Perturba- 
tions of  Planets.  By  M.  Encke.  Translated  into  English  and  illus- 
trated with  Notes  by  G.  B.  Airy,  Esq.,  Astronomer  Royal. 

The  main  object  of  the  author  is  to  supply  an  easy  and  accurate 
method  of  computing  the  perturbations  of  the  various  small  planets 
revolving  between  Mars  and  Jupiter,  the  number  of  which  is  con- 
stantly increasing  from  fresh  discoveries.  The  method,  however,  is 
applicable  to  any  of  the  other  bodies  of  the  planetary  system. 

Let  t  denote  the  time  from  which  it  is  proposed  to  compute  the 
action  of  the  disturbing  body.  By  a  slight  transformation  the  dif- 
ferential equations  of  the  motion  of  the  disturbed  planet  are  reduced 
to  the  following  form  :  — 

X  ,  y°,  z°  being  the  elliptical  coordinates  of  the  disturbed  planet, 
and  r°  its  radius  vector,  as  deducible  from  the  elements  of  the  orbit 
in  which  it  was  revolving  at  the  instant  t  ;  X,  Y,  Z  the  resolved 
values  of  the  disturbing  force  in  the  directions  of  corresponding  rect- 
angular axes ;  '£,,  r],  'C  the  perturbations  of  x,  y,  z,  counted  from  t ; 
tr  the  perturbation  of  the  radius  vector;  and  k  a  constant  quantity. 

These  equations  are  integrated  by  mechanical  quadratures,  the 
successive  numerical  values  of  the  quantity  under  the  sign  of  the 
double  integral  in  each  equation  being  corrected  by  a  peculiar  process, 
founded  on  the  theory  of  finite  differences. 

The  first  step  is  to  divide  the  period  for  which  the  perturbations 
are  to  be  computed  into  a  number  of  sufficiently  small  intervals  of 
time,  each  equal  to  r,  and  to  calculate  the  values  of  X,  Y,  Z  for  the 
times  t  —  ^r,t  +  ^T,t  +  ^r,  &c.,  using  for  this  purpose  the  elliptical 

coordinates  x",  y'^,  z°  of  the  disturbed  planet.     As  ^,  n,  i;,  ~     -5, 
^  '  dt'  dt 

-J-  are  assumed  severally  equal  to  zero  at  the  commencement  of  the 

period  for  which  the  perturbations  are  to  be  computed,  the  first 
three  values  of  the  quantities  under  the  sign  of  the  double  integral 

(or  — .  — ?,  —  )  are  readily  found  with  sufficient  accuracy  by  an 
V      df^    dV    dt')  ^  '     ' 
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approximative  process,  and  from  them  the  corresponding  values  of  ^, 
■q,  (  are  deduced.  For  all  the  subsequent  values  of  4.  »/.  ^,  the  com- 
putation is  uniform.     The  mode  of  procedure  is  this  : — From  the 

three  last  values  of  — -  an  approximate  value  of  the  same  quantity  for 

the  following  argument  is  readily  deduced,  and  a  provisional  value  of  4 

is  then  found  by  means  of  the  formula  of  intesrration  4  =  "/+A-  -  ''> 
^  s  •'       ./   '  1 2  ^  ^2* 

'[/"being  a  numerical  quantity  computed  with  the  utmost  facility  by 
the  aid  of  results  already  obtained.  The  corresponding  values  of  7/ 
and  4  being  found  by  a  similar  process,  the  three  resulting  numbers 
are  employed  in  computing  the  second  part  of  the  expression  under 
the  integral  sign  in  each  of  the  fundamental  equations.  Finally,  the 
numbers  thus  found,  when  applied  to  X,  Y,  Z,  give  the  corrected 

values  of  ~  — ^,  — ~,  which  in  their  turn  lead  by  double  summation 
dt'^'  df  dt-  ^ 

to  the  true  values  of  \„  rj,  ^.  By  a  similar  process  the  values  of  ^,  77,  l^ 
for  the  next  argument  are  ascertained,  and  so  on  in  succession,  the 
operation  being  rapidly  carried  on  throughout  the  entire  period  for 
which  the  perturbations  are  to  be  computed. 

In  order  to  test  the  practical  utility  of  this  method,  M.  Encke  com- 
pared its  results  with  those  obtained  by  the  method  of  the  variation 
of  arbitrary  constants.  For  this  purpose  the  perturbations  of  Vesta 
by  Jupiter  from  1854,  IVIay  24,  to  ISoO,  October  7,  were  subjected 
to  a  double  computation.  The  following  table  exhibits  the  values  of 
the  polar  coordinates  of  the  disturbed  planet  at  the  end  of  this  period, 
as  resulting  from  the  use  of  both  methods  : — 

Variation  of  Constants.  New  Jlethod. 

Longitude    335  20     6-4  33.5  20     &•& 

Latitude -5  40  42-3  -5  40  42-3 

Log.  Rad.  Vector    ...       0-3G65032  0-3665042 

M. Encke  mentions  as  aproof  of  the  easy  application  of  this  method, 
that  in  computing  the  perturbations  of  Vesta  with  given  places  of 
Jupiter  for  thirteen  epochs,  only  eleven  hours  were  occupied,  not- 
withstanding that  he  was  frequently  interrupted  in  the  course  of  the 
operation. 

If  extreme  accuracy  is  required,  the  values  of  x,  y,  z,  resulting 
from  the  application  of  I,  i],  'C,  to  x°,  y°,  z°,  may  be  employed  in 
com])uting  X,  Y,  Z,  and  then  by  repeating  the  operation  we  may 
obtain  corrected  values  of  ^,  yj,  <J.  This  process,  which  gives  the 
perturbations  depending  on  the  square  of  the  disturbing  force,  may 
be  repeated  over  and  over  again,  until  the  assumed  and  resulting 
values  of  E„  »/,  4  finally  agree.  The  method,  however,  is  so  rapidly 
exhaustive  that  this  object  is  generally  secured  at  the  first  re})etition. 

When  the  perturbations  are  large  the  method  is  still  practicable, 
but  it  becomes  necessary  in  this  case  to  reduce  in  a  corresponding 
degree  the  magnitude  of  the  intervals  of  quadrature. 

The  following  are  some  of  the  principal  advantages  attending  this 
method  of  computation  : — 

1.  It  proceeds  from  the  fundamental  equations  of  motion  by  a 
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series  of  arithmetical  operations  of  extreme  simplicity,  only  a  few 
analytical  expressions  of  by  no  means  a  complicated  character  being 
employed  in  the  computation. 

2.  It  aifords  the  means  of  immediately  correcting  the  quantities 
employed  in  computing  the  disturbing  forces  for  each  successive  in- 
terval, and  thereby  leads  rapidly  to  results  of  great  accuracy. 

3.  Since  the  perturbations  of  x,  tj,  z  are  of  the  same  order  as 
those  of  the  polar  coordinates,  they  serve  to  afford  unequivocal 
indication  of  the  extent  to  which  the  intervals  of  quadrature  ought 
to  be  diminished.  It  is  well  known  that  the  method  of  the  varia- 
tion of  constants  may  assign  enormous  perturbations  to  the  elements, 
while  at  the  same  time  the  actual  perturbations  may  be  very  in- 
significant. 

The  original  researches  of  M.  Encke  on  this  subject  are  contained 
in  Nos.  791,  792,  and  814  of  the  Astronomische  Nachrichten.  It 
may  be  mentioned  that  a  similar  method  had  been  already  proposed 
by  Mr.  G.  P.  Bond,  of  Cambridge,  U.S.  M.  Encke,  however,  did 
not  become  acquainted  with  this  circumstance  until  he  had  completed 
his  investigation. 

Extract  of  a  Letter  from  Professor  Secchi  to  Mr.  Grant,  F.R.A.S. 

"Rome,  May  8,  1852. 

"  Allow  me,  dear  Sir,  to  present  you  my  most  sincere  thanks  for 
the  kind  letter  you  addressed  to  me,  and  for  the  valuable  present  of 
your  book,  which  was  joined  with  it.  I  would  have  written  to  you 
sooner,  but  I  waited  a  little  while,  to  be  able  to  inform  you  of  some 
researches  which  I  have  undertaken  on  the  distribution  of  heat  at 
the  surface  of  the  sun,  and  on  the  constitution  of  the  lunar  geology, 
which  I  hope  will  be  well  received  by  you. 

"  As  to  the  first  subject,  you  know  that  it  is  generally  admitted 
that  light  is  brighter  at  the  centre  of  the  solar  disc  than  at  the 
edges.  M.  Fizeau  proved  that  the  same  diminution  subsisted  for 
chemical  radiation,  and  I  obtained  a  confirmation  of  it  in  the 
Daguerreotypes  of  the  sun  taken  during  the  last  solar  eclipse.  But 
I  had  no  proof  that  the  fact  would  be  the  same  with  heat,  although 
this  was  highly  probable.  I  tried,  therefore,  to  fill  this  blank,  and 
have  instituted  a  series  of  researches  on  the  temperature  of  the 
different  parts  of  the  solar  disc.  I  have  been  thus  led  to  some 
interesting  conclusions  quite  new  to  me ;  but  before  exposing 
them,  I  think  it  necessary  to  say  something  on  the  method  of  con- 
ducting the  experiments.  A  thermo-electric  pile,  belonging  to  a 
very  nice  Melloni's  apparatus,  was  attached  to  the  telescope  of 
our  equatoreal,  and  fixed  on  the  2)X'olongation  of  its  optical  axis  at 
a  distance  of  about  15""  from  the  eye-piece  :  the  image  of  the  sun, 
magnified  by  the  eye-j)iece  itself,  was  thus  projected  on  the  pile, 
and  had  a  diameter  of  12™  nearly.  When  a  leaf  of  white  paper 
was  put  in  the  place  of  the  pile,  the  image  was  perfectly  defined, 
and  the  spots  neatly  terminated.  By  a  diaphragm,  the  aperture  of 
which  was  4°""  broad  and  15"""  long,  disjjosed  parallel  to  the  edge 
of  the  disc,  a  small  jjortion  of  the  sun's  image,  which  was  about 
1'  of    arc  broad  and  4'  long,  was  allowed  to  radiate  on  the  pile. 
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The  construction  of  the  equatoreal  enabled  me  to  keep  the  same 
points  of  the  disc  steadily  fixed  on  the  pile,  as  far  as  it  was  neces- 
sary to  obtain  an  invariable  deflection  of  the  needle  of  the  galvano- 
meter, and  the  position  of  the  points  of  the  sun,  under  examination, 
was  readily  deduced  from  the  reading  of  the  declination  circle. 
There  is  no  need  to  observe  that  all  extraneous  radiation  was  pre- 
vented by  large  screens,  supported  by  the  telescope  itself,  and  the 
turning  dome  was  only  opened  as  far  as  it  was  necessary  to  intro- 
duce solar  rays  on  the  object-glass.  The  telescope  has  1™'25  focal 
length,  and  77mm  aperture. 

"  Now  these  are  the  results  obtained  in  sundry  experiments : — 
1.  The  heat  of  the  solar  image  is  at  the  centre  almost  twice  as 
great  as  at  the  borders.  This  is  found  to  be  true,  examining  the 
diameters  both  in  right  ascension  and  declination.  2.  The  maxi- 
mum of  temperature  did  not  appear  to  be  at  the  centre,  but  above 
it,  in  a  point  distant  from  it  about  3'  of  geocentric  declination. 
Constructing  graphically  the  curve  of  the  intensity  of  heat,  taking 
as  abscisscB  the  parts  of  the  sun's  diameter,  and  as  ordinate  the 
intensities  themselves,  it  appears  that  this  curve  (a  kind  of  inverted 
parabola)  is  not  symmetrically  disposed  about  the  axis  of  the  ordi- 
nates,  but  a  good  deal  inclined  towards  the  upper  edge.  1  subjoin 
some  numbers  which  represent  the  intensity  of  heat  in  the  parts  of 
the  diameter  of  the  sun  taken  in  minutes,  +  above  and  —  below 
the  centre  of  the  image. 

Positions  on  the  diameter  1      ,  , /^c    i  i/qo    i      I'nn    i    /qo       ^e\n       i/oo 

ofthesunindecUnation/  +^^^'^  +^^^^  +    ^  ^^  +  1^2  -10-9   -14-88 

Relative  intensity  of  heat  57-39      88-81      100-00      99-48      81-32     54-34 

These  are  the  results  of  eight  series  of  experiments,  none  of  which 
is  found  in  contradiction  with  the  others,  and  their  separate  num- 
bers are  very  nearly  the  same,  so  that  the  fact  seems  to  me  com- 
pletely ascertained.  It  is  certainly  curious  that  the  maximum  of 
heat  corresponds  with  the  position  of  the  solar  equator,  as  visible 
from  the  earth  at  the  epoch  of  the  experiment  (20th,  21st,  22nd 
March).  This  leads  naturally  to  the  conclusion  that  the  solar 
equatoreal  regions  must  be  hotter  than  the  polar  regions,  as  was 
suspected  already  from  the  more  frequent  appearance  of  the  spots 
there.  The  conclusion  seems  perfectly  accurate,  even  admitting  a 
solar  atmosphere,  since  the  effect  of  this  last  should  be  to  diminish 
symmetrically  the  radiation  around  the  centre  of  the  image ;  on 
the  contrary,  if  the  polar  regions  are  less  hot  than  the  equatoreal, 
the  intensity  of  heat  should  have  been  less  in  the  lower  part  of  the 
image,  where  the  south  pole  of  the  sun  was  visible ;  and,  conse- 
quently, the  parts  having  equal  distance  from  the  centre  of  the 
image  had  a  very  difterent  heliographical  latitude,  on  account  of 
the  inclination  of  the  solar  axis  to  the  ecliptic.  From  these  prin- 
ciples only,  the  non-symmetry  of  the  curve  is  accounted  for.  If 
this  alone  is  the  cause,  the  curve  will  be  found  symmetrical  in  the 
months  of  June  and  December,  and  reversed  in  September,  since 
in  the   two  former  the  equator  jjasses  through   tlie  centre  of  the 
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image,  and  in  the  last  is  below  it.  But  it  is  not  impossible  that 
the  two  solar  hemispheres  should  possess  different  temperatures,  as 
seems  to  be  the  case  on  the  earth,  and  is  suspected  in  Mars.  If 
this  is  the  case,  these  researches  w-ill  throw  some  light  on  the  clima- 
tology of  the  earth  itself;  since  the  heat  cf  the  sun  must  be  different, 
according  as  one  or  the  other  of  its  poles  is  turned  towards  the 
earth.  Future  experiments  will  resolve  this  question.  With  re- 
spect to  the  poles  of  the  sun,  I  shall  add  here  a  conjecture  on  a  fact 
recently  discovered  by  Captain  Sabine.  The  journal  Institut  re- 
lates that  this  gentleman  has  found  that  the  deviation  of  the  mag- 
net from  its  mean  position  at  the  Cape  of  Good  Hope  is  found  to  be 
in  opposite  directions  at  the  epochs  of  the  two  equinoxes.  Might 
this  not  be  an  effect  of  the  solar  magnetical  polarity  on  the  terres- 
trial magnetism  .''  The  fact  deserves  to  be  examined,  if  it  takes 
place  in  our  hemisphere,  and  in  opposite  directions.  Coming  again 
to  the  solar  heat,  I  have  found  that  spots  seemed  less  hot  than  the 
rest ;  but  as  only  small  groups  of  them  were  visible,  no  singular 
fact  or  law  can  be  stated  from  these  observations.  I  shall  conclude 
this  account  by  noticing  an  odd  historical  coincidence,  namely,  that 
these  observations  were  made  in  the  same  room  where  it  is  said  F. 
Scheiner,  the  first  who  used  a  telescope  mounted  equatorially,  made 
his  observations  of  the  sun.  This  room  has  been  this  year  added  to 
the  observatory. 

"  I  shall  now  briefly  expose  to  you  some  considerations  on  the 
theory  of  lunar  formations,  which  have  been  the  subject  of  some  dis- 
cussions with  our  eminent  geologist.  Professor  Ponzi,  whom  I  gladly 
engaged  in  these  researches.  He  is  exceedingly  well  acquainted 
with  the  terrestrial  volcanoes,  both  ancient  and  modern  (being  now 
occupied  in  the  description  of  the  Roman  States),  and  with  Italian 
geology  ;  the  conclusions  to  which  w'e  have  arrived  are  these  : — The 
lunar  volcanic  formations  must  be  distributed  into  three  classes,  to 
which  a  fourth  class  may  be  added  analogous  to  our  Plutonian  for- 
mations. 

"  The  first  class  of  the  lunar  volcanoes  possesses  a  distinctive 
character ;  that  the  edges  of  the  craters  are  almost  completely  obli- 
terated, so  that  their  border  now  is  a  continuation  of  the  plane 
ground,  in  which  they  seem  excavated,  and  a  deep  well  only  remains 
in  the  place  of  the  ancient  mouth  of  the  volcano.  Instances  of  this 
kind  are  very  frequent  near  the  south  pole  of  the  moon,  and  around 
the  large  spot  Tycho  ;  but  Tycho  itself  does  not  belong  to  this  class. 
The  physiognomy  of  these  craters  nearly  resembles  our  submarine 
volcanoes  of  the  Monti  Ciminii  to  the  N.W.  ofRome.  The  country 
around  the  craters  of  Bracciano,  Bolsena  and  di  Vico,  is  almost  flat, 
and  the  old  openings  of  the  craters  are  now  deep  lakes.  On  this  ground 
we  are  led  to  believe  that  even  in  the  moon  many  subaqueous  vol- 
canoes existed.  Another  distinct  character  of  these  volcanoes  of  the 
first  class  is,  that  they  are  in  a  line,  as  if  they  burst  from  the  cracks 
of  the  solid  body  of  the  crust  produced  by  earlier  formations  ;  this 
is  most  striking  in  Arzahel,  Purbach,  Alphonsus,  and  many  others, 
and  they  seem  to  follow  the  cracks  made  by  the  soul'fvement  which 


Royal  Astronomical  Society.  145 

raised  Tycho,  the  lunar  Apennines,  &c.  Some  of  the  higher  chains 
of  lunar  mountains  are  seen  visibly  parallel  to  the  alignement  of  the 
craters  :  this  fact  also  is  like  that  which  we  observe  on  the  earth ; 
indeed,  the  large  Italian  volcanic  chain  follows  the  line  of  the  Apen- 
nines along  this  country. 

"  The  second  class  of  lunar  volcanoes  are  those  which  have  their 
outside  edges  elevated  above  the  surrounding  plane ;  their  form  is 
generally  regular,  and  not  broken,  as  those  of  the  preceding  class, 
and  the  ground  around  them  is  elevated  in  a  radiating  disposition, 
as  is  visible  around  Tycho,  Copernicus,  Aristotle,  &c.  The  regu- 
larity of  their  forms  suggests  that  the  ejected  matter  was  not  dis- 
turbed by  the  motion  of  waves,  and,  consequently,  that  they  were 
atmospherical  volcanoes,  like  those  of  the  Monti  Laziali,  Albani,  and 
Tusculani,  at  the  south-east  of  Rome  ;  the  want  of  breach  in  the 
craters  seems  to  indicate  that  no  lava,  but  only  scoriae  and  loose  mat- 
ters, have  been  ejected.  The  disposition  of  the  soil  around  them 
suggests  the  opinion  that  they  are  of  a  comparatively  later  epoch, 
and  formed  after  the  crust  of  the  satellite  was  pretty  resistent,  and 
was  capable  of  being  elevated  all  round  by  a  great  effort.  It  is  sin- 
gular, indeed,  that  this  i-adiation  of  the  soil  around  is  found  propor- 
tional to  the  magnitude  of  the  central  crater.  The  effect  of  this 
soulevemerit  extended  sometimes  to  a  prodigious  distance,  comparable 
to  that  of  the  Cordilleras  of  the  Andes  on  the  earth.  The  greater 
part  of  the  craters  of  both  the  classes  now  described  possesses  an 
insulated  rock  inside,  very  seldom  appearing  (at  least  in  commonly 
good  telescopes)  perforated.  This  bears  great  analogy  with  what 
we  see  in  more  than  one  place  in  the  ancient  volcanoes  of  the  earth, 
where  the  erupting  mouth  has  been  stopped  by  a  dome  of  trachytic 
matter  as  by  a  stump.  Moute  Venere,  near  Rome,  is  of  this  forma- 
tion, and  lies  in  the  centre  of  an  immense  old  crater. 

"  The  third  class  of  lunar  craters  is  very  small,  and  bears  a  great 
likeness  with  those  called  l)y  geologists  adventitious  craters,  and 
seems  to  be  of  a  very  late  formation,  the  last  efforts  of  the  expiring 
volcanic  force.  They  are  irregularly  scattered  through  all  the  moon, 
but  occur  more  frequently  at  the  borders  or  inside  of  the  old  de- 
molished craters,  although  not  concentric  with  them,  and  seem  to 
have  been  produced  after  the  large  ones  were  completely  closed, 
either  by  trachytic  ejection  or  by  becoming  lakes.  These  small 
craters  have  very  seldom  rocks  inside,  or  a  flat  bottom ;  but  their 
cavity  is  conical,  and  does  not  exceed  in  dimension  our  common  vol- 
canoes, which  are  yet  active  on  the  earth.  From  these  facts  and  ob- 
servations it  appears,  that  volcanic  action  has  gone  on  in  the  moon 
through  all  the  same  stages  which  it  has  gone  and  is  going  on  in  the 
earth,  and  is  there  probably  comi)letely  extinguished,  on  account 
of  the  smaller  mass  of  the  moon,  which  has  been  cooled  very  rapidly. 
Tliis  rapidity  of  cooling,  joined  with  the  smaller  gravity,  may  ac- 
count for  the  great  development  of  volcanism  there,  and  compara- 
tively fewer  Plutonian  formations.  But  extensive  instances  of  this 
kind  are  not  wanting  ;  the  lunar  Alps,  the  Apennines,  the  Ripheae, 
&c.,  may  represent   this   formation,  surrounding   vast   basins,  and 


1 IG  Royal  Astronomical  Society. 

having  modem  volcanoes  following  the  direction  of  the  higher  edges 
of  their  chains.  Professor  Ponzi  seems  to  think  it  unquestionable 
that  water  existed  at  the  surface  of  the  moon  ;  the  fierce  glare  of  the 
sunshine  is  not  able  to  melt  the  ice  there,  which  is  probably  at  the 
temperature  of  the  planetary  spaces  ;  just  as  the  sun  at  the  surface 
of  the  earth  is  not  able  to  melt  our  glaciers,  which  yet  possess  a  cer- 
tainly higher  temperature.  Cold,  and  other  unknown  causes,  may 
have  absorbed  and  fixed  all  the  atmosphere  which  anciently  existed, 
as  we  see  that  the  immense  atmosphere  which  anciently  surrounded 
the  earth  has  been  fixed  by  several  chemical  processes  and  reduced  to 
its  actual  composition  ;  and  it  might  be  possible  that  this  actually 
existing  atmosphere  of  ours  should  be  all  solidified,  either  bj'  cold  or 
chemical  processes,  if  the  earth  arrives  at  the  same  degree  of  cold 
which  seems  to  have  place  on  the  moon. 

"  These  are  some  of  the  conclusions  to  which  we  have  arrived  in 
our  inquiry  into  the  solar  and  lunar  constitution ;  they  do  not  cer- 
tainly belong  to  astronomy  strictly  taken,  but  a  recreation  from 
more  serious  occupations  may  be  excused  to  astronomers  dwelling 
in  the  pure  climate  of  Italy.  I  trust  you  will  receive  them  as  a 
token  of  my  gratitude,  and  of  interest  for  the  work  which  you  have 
published." 

In  a  later  letter  Professor  Secchi  tells  Captain  Manners  "  that 
the  observatory  of  the  CoUegio  Romano  is  about  to  be  furnished 
with  a  large  refractor  equatoreally  mounted.  The  refractor  will 
have  9  inches  aperture,  and  a  focal  length  of  14  French  feet." 
There  is  only  a  little  hesitation  at  present  as  to  the  best  mode  of 
mounting  this  telescope. 

Since  the  date  of  the  preceding  communication,  Sig.  Secchi  has 
made  the  following  interesting  experiments  on  the  heat  emitted  by 
different  parts  of  the  solar  disc.  It  appeared  from  the  former  experi- 
ments that  the  heat  increased  from  the  margin  of  the  solar  disc  to 
the  centre ;  but  there  was  this  peculiarity,  that  when  it  was  mea- 
sured in  the  direction  of  the  axis  of  the  sun's  rotation,  it  attained 
its  maximum  intensity  at  a  point  situate  about  3'  above  the  centre. 
At  the  time  when  the  former  experiments  were  made,  the  projection 
of  the  sun's  equator  upon  his  disc  passed  above  his  centre,  at  a  di- 
stance agreeing  almost  exactly  with  the  position  of  maximum  tem- 
perature ;  whence  the  conclusion  naturally  suggested  itself  to  Sig. 
Secchi,  that  the  equatoreal  regions  of  the  sun  are  intrinsically  hotter 
than  the  other  parts  of  his  surface.  He  justly  remarked,  that  if  this 
were  true,  it  ought  to  follow  that  in  the  month  of  June,  when  the 
nodes  of  the  solar  equator  pass  through  the  earth,  the  upper  and 
lower  hemispheres  should  appear  equally  heated ;  and  on  the  other 
hand,  in  the  month  of  September,  when  the  projection  of  the  solar 
equator  attained  its  greatest  depression,  the  point  of  maximum 
temperature  should  fall  belotv  the  centre  of  the  disc.  Experiments 
similar  to  those  previously  undertaken  by  him  have  served  to  con- 
firm this  view  of  the  subject.  "  In  the  month  of  August  the  upper 
hemisphere  appeared  a  little  hotter  than  the  lower,  but  the  differences. 
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always  very  small,  were  not  unfrequently  negative.  In  September 
tkp  lower  hemisphere  appeared  decidedly  the  hotter  of  the  two.  The 
maximum  difference  ratlier  exceeded  2°  (by  the  galvanometer),  being 
almost  identical  with  the  result  obtained  in  the  month  of  Alarch  in 
the  opposite  direction.  Moreover,  this  maximum  occurred  from  the 
14th  to  the  16th  September,  which  also  corresponds  with  the  epoch 
of  the  greatest  depression  of  the  solar  equator." 

Sig.  Secchi  remarks,  that  the  influence  of  the  solar  spots  upon 
the  temperature  is  very  striking.  Sometimes  a  spot  which  did  not 
occupy  more  than  yg-gth  of  the  aperture  of  the  pile,  caused  the  tem- 
perature to  fall  3°,  or  about  y^th  of  the  whole  intensity.  He  found, 
however,  by  isolating  the  spot  with  a  diaphragm,  that  it  exercises  a 
sensible  influence  even  in  the  obscure  part. 


XXIV.  Intelligence  and  Miscellaneous  Articles. 

ox  THE  TEMPERATURES  OF  CONDUCTORS  OF  ELECTRICAL 
CURRENTS. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 
T  FEEL  some  difficulty  in  writing  this  note,  and  yet  I  think  it 
-^  requisite  to  say  a  closing  word  upon  a  subject  which  has 
already  occupied  too  much  of  your  space.  It  is  nearly  ten  years 
since  Air.  Adie  made  his  experiments  :  would  not  a  careful  repeti- 
tion of  them  at  present  show  more  wisdom  upon  his  part  than  a 
reliance  upon  results  which  have  such  a  mass  of  scientific  evidence 
against  them  }  With  regard  to  his  theory  of  the  metallic  cross*,  I 
have  one  request  to  make  of  Mr.  Adie  ;  and  that  is,  that  he  would 
kindly  jilace  his  pencil  on  the  point  C,  where  he  supposes  the  cur- 
rent to  be  generated,  follow  the  course  of  the  current,  and  get  back 
to  C,  without  passing  through  the  battery.  Some  oversight  must,  I 
imagine,  have  occurred  in  Mr.  Adie's  dissection  of  the  cross  ;  as  the 
matter  stands  at  present,  I  frankly  confess  my  mability  to  under- 
stand it. 

John  Tyndall. 
Queenwood,  Jan.  1853. 


REMARKS  ON  CHEMICAL  AFFINITY,       BY  PROF.   BUNSEN. 

The  force  which  produces  or  destroys  chemical  combination  is 
influenced  by  a  great  variety  of  circumstances.  Its  effects  are  modi- 
fied by  the  action  of  light,  heat,  electricity,  and  likewise  by  the 
relative  masses  of  the  bodies  acting  upon  each  other.  It  is  moreover 
influenced  by  the  state  of  aggregation  of  the  bodies,  and  their  con- 
tact with  others  of  a  difl^erent  kind.  Consequently,  chemical  affinity 
may  be  regarded  as  a  function  of  all  these  various  determining  con- 
ditions ;  and  in  order  to  ascertain  the  value  of  the  force,  it  will  be 
sufficient  to  determine  mathematically  the  form  of  tliat  function. 

*  Phil.  Mag.  for  January  185;3.  p.  46. 
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The  immortal  Berthollet,  to  whom  we  are  indebted  for  the  doc- 
trine of  chemical  statics,  was  the  first  who  considered  the  cause  of 
chemical  action  under  this  point  of  view.  He  was  led  theoretically 
to  express  the  influence  of  masses  in  the  form  of  a  law  which  still 
retains  the  name  he  gave  to  it,  and  he  endeavoured  to  explain 
by  its  aid  the  influence  which  the  relative  masses  of  the  bodies 
acting  upon  each  other  exercise  in  determining  the  nature  of  the 
resulting  compounds.  According  to  this  law,  when  one  body  is 
brought  into  contact  with  two  others  of  different  kinds  and  weights, 
but  capable  of  entering  into  chemical  combination  with  it,  the  quan- 
tities of  both  being  greater  than  would  be  required  for  such  combi- 
nation, it  is  divided  between  the  two  in  a  proportion  the  same  as 
that  of  their  absolute  affinities  to  their  relative  masses.  If,  there- 
fore, we  represent  by  A  and  B  respectively,  the  masses  of  the  two 
bodies  employed  in  chemical  excess,  and  by  a  and  /3  the  coefficients 
of  the  absolute  affinities  of  each  for  the  third  body  C,  the  quantities 
of  A  and  B  which  unite  with  C,  represented  by  a  and  b,  will  be  to 
each  other  as  aA  :  /3B.     The  pi-oportions  in  which  A  and  B  combine 

with  C  may  then  be  found  by  means  of  the  equation  —  =  — . 

p     bA. 

It  appeared  of  great  interest  to  study  the  value  of  this  law,  which 
is  still  unsupported  by  any  decisive  experiment.  The  investigation 
has  not  entirely  confirmed  BerthoUet's  law,  but  has  led  to  the  dis- 
covery of  another  law,  which  aj)pears  to  promise  valuable  results 
relating  to  the  study  of  chemical  affinity.  This  law  may  be  expressed 
by  means  of  the  following  four  propositions  : — 

1 .  When  a  body  A  is  brought  into  contact  with  two  or  more  others 
B,  B',  .  .  .  in  excess,  and  the  whole  placed  in  conditions  most  favour- 
able to  their  union,  the  body  A  takes  from  each  of  those  B,  B',  .  .  . 
quantities  which  always  bear  a  simple  proportion  to  each  other.  It 
follows  from  this,  that  when  1,  2,  3,  4,  or  more  equivalents  of  one 
of  these  compounds  are  formed,  1,  2,  3,  4,  or  more  of  the  other  are 
also  formed. 

2.  When  in  this  way  one  equivalent  of  the  compound  A  +  B  and 
one  equivalent  of  the  compound  A  +  B'  are  formed,  the  mass  of  the 
body  B  may  be  increased  in  contact  with  B'  up  to  a  certain  point 
without  altering  this  chemical  relation.  If,  however,  it  is  increased 
beyond  a  certain  limit,  the  atomic  relation,  which  was  as  1  :  1,  is  sud- 
denly changed  and  becomes  as  1  :  2,  1  :  3,  2  :  3,  &c.  The  mass  of 
one  of  the  bodies  may  then  be  increased  again  without  altering  the 
chemical  relation,  until  having  reached  a  second  limit  this  relation 
between  the  bodies  in  contact  is  again  changed. 

3.  When  a  body  A,  in  acting  upon  an  excess  of  the  compound 
BC,  reduces  it  and  gives  rise  to  the  formation  of  the  compound  AB, 
while  C  is  liberated  and  in  its  turn  reacts  upon  the  new  compound 
resulting  from  the  union  of  A  with  B,  the  portion  of  B-|-C  which  is 
reduced  bears  a  simple  atomic  relation  to  that  which  is  not  reduced. 

4.  We  may  thiis,  in  order  to  effect  these  reductions,  increase  the 
mass  of  one  of  the  bodies  in  contact,  without  altering  their  chemical 
relation,  up  to  a  point  at  which,  having  reached  a  certain  limit,  it 
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passes  suddenly  into  another  state  of  equilibrium,  in  which,  however, 
the  bodies  always  remain  in  a  simple  proportion  expressible  in  whole 
numbers. — Comptes  Rendus,  No.  25,  December  1852. 

RESEARCHES  ON  THE  DENSITY  OF  SULPHUR. 
BY  CHARLES  BRAME. 

The  author  gives  the  final  results  of  his  recent  labours  in  the 
following  terms  : — 

1 .  The  specific  gravities  of  the  diflferent  varieties  of  sulphur,  or  of 
its  different  molecular  conditions  hitherto  adopted,  do  not  agree 
together,  not  merely  for  the  different  forms,  but  likewise  for  each 
one  in  particular,  and  the  limits  of  these  discrepancies  extend  beyond 
those  of  any  possible  errors  of  observation.  The  differences  are 
caused  as  much  by  foreign  bodies  present  in  the  sulj)hur  employed, 
as  by  the  various  circumstances  under  which  any  particular  mole- 
cular form  of  sulphur  had  been  obtained,  or  by  the  influence  of  phy- 
sical agents  upon  it.  The  limits  of  variation  appear  to  be  com- 
prised between  TS?  or  r9319,  the  lowest  density  of  the  viscous 
sulphur,  and  2"0757,  the  highest  density  which  has  been  observed  in 
native  crystallized  sulphur.  However,  it  appears  that  the  maximum 
density  of  sulphur  may  rise  as  high  as  2'08  or  2'09,  and  perhaps 
even  to  2*1. 

2.  The  increase  in  the  density  of  sulphur  furnishes  evidence  of  a 
persistent  molecular  motion  in  a  body  apparently  solid.  This  mo- 
tion is  more  or  less  slow  or  rapid,  and  proves  that  frequently  the 
molecules  of  a  body  are  only  in  a  state  of  apparent  rest. 

3.  The  sUght  increase  in  the  specific  gravity  does  not  always  de- 
termine the  perfect  condensation  of  the  material  substance,  if,  as  is 
perhaps  the  case,  we  do  not  know  in  which  kind  of  sulphur  the 
molecules  are  in  a  state  of  static  equilibrium.  It  is  however  pro- 
bable that  the  native  crystallized  sulphur  and  the  old  hard  sulphur 
approximate  most  closely  to  this  condition ;  the  crystals  formed  by 
fusion  come  equally  near,  although  they  maintain  a  density  a  little 
lower  than  that  of  the  preceding  kinds. 

4.  The  octohedral  crystalline  state  does  not  appear  to  be  the 
one  towards  which  all  the  forms  of  sulphur  always  and  necessarily 
tend.  All  artificially  prepared  sulphur  consists  of  a  mixture  of  cry- 
stalline sulphur  and  membranous  sulphur,  as  has  been  detected  by 
M.  Ch.  Deville  and  by  myself*. 

5.  Every  kind  of  sulphur  in  different  molecular  conditions  really 
tends  towards  that  form  which  is  compact,  amorphous  or  crystalline, 
transparent  or  opake.  The  utricular  form  and  state  of  sulphur  are 
the  necessary  consequence  of  the  facts  stated  in  this  memoir  and 
the  conclusions  of  Scheerer,  Marchand,  Ch.  Deville  and  myself, 
which  refer  to  a  correlation  of  the  passage  from  one  molecular  con- 
dition to  another,  with  an  alteration  in  the  specific  heat,  the  cry- 
stalline form  and  the  specific  gravity.     There  is  at  the  same  time  a 

•  In  accordance  with  this  fact,  I  believe  that  I  shall  be  able  to  trace  an 
analogy  between  several  molecular  forms  of  sulphur  and  those  of  glass.  &c. 
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change  in  the  volatility,  the  melting-point,  divisibility,  and  the  che- 
mical proi^erties,  as  I  showed  some  years  since. 

6.  The  utricular  condition  may  therefore  continue  for  a  consider- 
able time  under  the  other  apparent  forms  of  this  body.  Further,  we 
may  recognize  in  this  circumstance  the  cause  of  the  diversities  of 
the  physical  and  chemical  properties  which  the  different  kinds  of 
sulphur  present. 

7.  The  density  of  sulphur  is  one  of  the  principal,  variable,  physical 
properties  which  are  directly  correlative  with  the  persistence  of  the 
utricular  form  among  the  other  apparent  forms  of  sulphur. — Comptes 
Rendus,  No.  21,  November  1852,  p.  748. 


ON  THE  OCCURRENCE  OF  GOLD  IN  PENNSYLVANIA. 
BY  CHARLES   M.  WETHERILL,  PH.D. 

In  the  spring  of  1851,  an  earth  was  given  to  me  for  examination, 
of  which  the  locality  was  not  exactly  stated  but  which  was  said  to 
have  been  taken  not  far  from  the  city,  in  which  gold  was  detected. 
The  earth  was  said  to  have  been  obtained  in  digging  a  well.  Several 
months  later,  while  in  Reading,  I  met  with  a  notice  in  a  German 
newspaper  of  that  place,  which  stated  that  some  time  previously  an 
earth  had  been  found  in  digging  a  well,  upon  the  land  of  Mr.  Yoder, 
Franconia  Township,  Montgomery  county,  which  proved,  upon 
examination,  to  contain  gold.  I  have  no  doubt  but  that  this  is 
the  locality  of  the  earth  which  I  examined.  Several  rocks  from 
the  neighbourhood  were  analyzed,  consisting  of  clay  slate  rock, 
ferruginous  quartz,  decayed  in  places,  containing  pyrites  and  mag- 
netic oxide  of  iron-sand.  In  most  of  these  gold  was  detected  in 
traces.  Some  specimens  contained  no  gold  whatever.  The  earth 
from  the  well,  which  was  more  particularly  examined,  consisted  of 
sand  and  gravel,  coating  in  some  places  fragments  of  shale  or  other 
rock.  A  careful  examination  of  these  with  the  lens  detected  a  rather 
thick  spangle  of  gold  adhering  to  the  gravel,  and  a  small  rounded 
mass  of  a  white  malleable  metal,  which  proved  by  a  micro-chemical 
investigation  upon  half  of  it  to  be  native  tin,  which  occurs  only, 
according  to  Dana,  in  small  grayish-white  metallic  grains  along  with 
Siberian  gold.  It  melted  before  the  blowpipe,  was  oxidized  by  nitric 
acid,  the  resulting  oxide  being  insoluble  in  tartaric  acid,  and  dissolved 
slowly  in  HCl,  with  which  solution  HS  gave  the  yellowish-brown  pre- 
cipitate SnS-|-SnS'-.  This  occurrence  of  native  tin  is  strongly 
opposed  to  the  supposition  of  fraud  in  the  earth  examined.  Separa- 
ting the  rock  and  washing,  gave  a  further  quantity  of  very  fine 
gold  spangles,  mingled  with  pyrites  and  magnetic  oxide  of  iron, 
together  with  more  spangles  of  native  tin.  One  pound  and  a  half 
of  the  original  substance,  from  which  these  spangles  were  removed, 
after  separation  of  the  rocks  and  concentration  by  washing,  was 
melted  with  twice  its  weight  of  litharge  (previously  tested  for 
gold),  and  a  small  quantity  of  charcoal  powder.  The  resulting 
button  of  lead  was  cupelled  (adding  to  the  lead  the  gold  already 
found)  and  the  silver  treated  with  nitric  acid,  which  left  a  coherent 
mass  of  gold  weighing  0-OOG  grm.     One  hundred  pounds  of  the 
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earth  would  therefore  contain  0*4  grm.  of  gold,  worth  about  twenty- 
six  and  a  half  cents. 

During  a  stay  at  Reading,  in  the  summer  of  1S51, 1  noticed  a  vein 
of  decayed  ferruginous  quartz,  very  much  resembling  the  auriferous 
quartz  of  North  Carolina.  It  was  uncovered  in  exploring  the  depo- 
sits of  iron  ore  in  Penn's  Mount  behind  the  city.  I  neglected  at 
the  time  to  secure  specimens  ;  and  upon  a  second  visit  to  the  locality 
this  spring  to  obtain  a  quantity  for  analysis,  I  found  it  covered.  I 
obtained,  however,  from  the  vicinity  a  quartz  rock,  quartz  and  felspar 
mingled,  and  sand,  which  on  analysis  yielded  an  exceedingly  minute 
quantity  of  a  brownish  powder  after  treating  the  silver  button  result- 
ing from  cupellation  by  nitric  acid  ;  but  which  was  too  minute  from 
which  to  derive  any  definite  conclusion  as  to  the  presence  or  absence 
of  gold.  A  former  pupil  of  mine,  in  an  examination  of  the  pyrites 
of  the  same  locality,  thought  to  have  detected  traces  of  gold.  I  have 
no  doubt  that  a  more  careful  examination  of  the  rocks  in  the  vicinity 
would  yield  affirmative  result?  in  an  examination  for  this  metal. — 
From  the  Transactions  of  the  American  Phitosophical  Society. 


METEOROLOGICAL  OBSERVATIONS  FOR  DEC.  1852. 
Chiswick. — December  1.  Overcast :  rain.  2.  Overcast.  3.  Fine.  4,  5.  Densely 
clouded.  6.  Overcast.  7.  Rain.  8.  Fogg)' :  rain  :  clear  at  night.  9.  Clear  and 
fine.  10.  Low  clouds  :  rain  :  densely  overcast.  11.  Exceedingly  fine.  12.  Fine  : 
overcast  :  rain.  13.  Rain  :  uniformly  overcast.  14.  Cloudy  :  clear  at  night :  rain. 
15.  Rain:  cloudy:  clear.  16.  Clear:  fine,  with  sun:  thunder,  hghtning  and 
heavy  rain  at  night.  17.  Partially  overcast :  fine:  boisterous,  with  lightning  at 
night.  18.  Clear  and  fine  :  extensive  and  sudden  rise  of  barometer.  19.  Slight 
rain  :  overcast.     20.  Fine  :  densely  clouded  :  clear  at  night.     21.  ExceecHngly  fine. 

22.  Overcast :  rain.  23.  Overcast.  24.  Rain :  drizzly  :  overcast.  25.  Very  fine: 
overcast.  26.  Fine:  very  fine :  boisterous,  at  times  quite  a  hurricane  at  night. 
27.  Ver\'  boisterous  :  large  white  clouds :  clear  at  night.  28.  Clear  and  fine. 
29.  Fme  :  overcast.     30.  Overcast :  fine  :  clear.     31.  Very  fi.ie. 

Mean  temperature  of  the  month  46°'54 

Mean  temperature  of  Dec.  1851   38*88 

Mean  temperature  of  Dec.  for  the  last  twentj'-six  years    ...  39  '69 

Average  amount  of  rain  in  Dec 1"52  inches. 

Boston. — Dec.  1.  Fine:  rain  p.m.      2.  Fine.     3.  Fine:  rain  p.m.     4.  Cloudy 
rain  a.m.     5.  Cloudy.     6,  7.  Cloudy:  rain  a.m.     8.  Cloudy:  rain  a.m.  and  p.m. 
9.  Fine  :  rain  P.M.     10.  Cloudy :  rain  a  m.     11.  Fine.     12.  Cloudy.     13.  Cloudy: 
rain  a.m.  and  p.m.     14.  Fine.     15.  Cloudy:  rain  a.m.     16.  Fine:  rain  p.m.     17, 
18.  Fine.    19.  Cloudy :  rain  a.m.    20, 21 .  Cloudy.    22.  Cloudy :  rain  a.m.  and  p.m. 

23.  Fine.  24.  Cloudy.  25.  Fine:  rain  a.m.  26.  Fine.  27.  Fine:  rain  and 
stormy  a.m.     28.  Fine.     29.  Cloudy.     30.  Cloudy  :  rain  a.m.     31.  Fine. 

Sandicick  Manse,  Orkney. — Dec.  1.  Showers  .\.m.  and  p.m.  2.  Showers  a.m.  : 
showers,  aurora  p.m.  3.  Bright  a.m.  :  cloudy,  aurora  p.m.  4.  Damp  a.m.  : 
cloudy  p.m.  5.  Showers  a.m.  :  showers,  aurora  p.m.  6.  Rain  a.m.  :  showers, 
aurora  p.m.  7.  Bright  a.m.  :  clear,  aurora  p.m.  8.  Cloudy  a.m.  and  p.m.  9. 
Cloudy  a.m.  :  clear  p.m.  10.  Rain  a.m.  :  showers,  aurora  p.m.  U.  Showers  a.m.  : 
rain  p.m.  12.  Drizzle  a.m.  :  cloudy  p.m.  13.  Clear,  frost  a.m.  :  clear,  aurora  p.m. 
14.  Bright,  frost  a.m.:  drizzle  p.m.  15.  Damp  a.m.:  clear  p.m.  16.  Clear, 
frost  a.m.  :  drizzle  P.M.  17.  Sleet-showers  a.m.  and  p.m.  18.  Cloudy,  frost  a.m. 
and  P.M.  19.  Lightning,  rain  a.m.  :  cloudy  p.m.  20.  Cloudy  a.m.  and  p.m. 
21.  Cloudy  a.m.  :  snow-showers  p.m.  22.  Clear,  frost  a.m.  :  cloudy  p.m.  23. 
Clear  a.m.  and  p.m.  24.  Cloudy  a.m.  :  showers  p.m.  25.  Cloudy  a.m.  :  sleet- 
showers  p.m.  26.  Bright  a.m.  :  hazy  p.m.  27.  Cloudy  a.m.  :  drizzle  p.m.  28. 
Showers  a.m.  :  fine  p.m.  29.  Cloudy  a.m.  :  shower  p.m.  30.  Drops  a.m.  : 
shower  p.m.     31.  Showers  a.m.  :  showers,  thunder  and  lightning  p.m. 

Mean  temperature  of  Dec.  for  twenty-five  years      41°'20 

Mean  temperature  of  this  month      40  '74 

Average  quantity  of  raiu  in  Dec.  for  six  previous  years  3  80  inches. 
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XXV.  New  Experiments  on  the  Mean  Density  of  the  Earth. 
Bij  F.  Reich*. 

I  OUGHT  perhaps  to  apologise  for  returning  to  a  subject 
which  has  been  ah-eady  submitted  to  so  fundamental  an 
examination,  that  it  may  seem  superfluous  to  enter  upon  its 
further  consideration.  From  observations  made  by  me,  and 
published  in  a  short  paper  in  1888,  the  mean  density  of  the 
earth  was  found  to  be  almost  exactly  what  Cavendish  found  it, 
viz.  5*45.  According  to  a  far  more  elaborate  investigation  by 
Baily  it  amounts  to  5'G6.  Baily's  experiments  have  been  con- 
ducted with  so  much  care,  and  are  so  very  numerous,  that  the 
value  of  mine  in  compai-ison  with  them  is  evanescent.  These, 
however,  agree  so  well  among  themselves,  as  to  render  it  pro- 
bable that  the  difference  between  us  is  to  be  referred  to  the  defi- 
ciency in  point  of  number  of  my  observations ;  and  Baily  him- 
self has  been  kind  enough  to  bestow  considerable  attention  upon 
this  difference,  without,  however,  being  able  to  ascertain  its 
cause.  The  conjecture  e\])rcssed  by  him,  that  I  perhaps  have 
omitted  some  less  coincident  observations,  I  must  state  to  be  not 
correct. 

It  may  be  easily  conceived  that  I  also  have  occupied  myself  in 
endeavouring  to  render  an  account  of  this  difference;  and  I 
believe  that  I  have  discovered  its  origin  to  be  attributable  to 
two  circumstances. 

The  first  is  the  treatment  of  the  results  obtained  innnediately 
from  observation,  which  treatment  has  been  more  correctly  con- 
ducted by  Baily  than  by  me ;  this  will  be  rendered  most  evident 
by  an  example.    When,  for  instance,  four  observations  were  made, 

*  Poggcndorif's  Annalen,  vol.  Ixxxv.  p.  189.     (Extrat-t  from  a  memoir 
in  the  Math,  and  Phvs.  Class  of  the  Roval  Societv  of  Sciences  in  Lcipzic.) 
Phil.  Mag.  S.  4.  Vol.  5.  No.  31.  March  l^bZ.  M 
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the  first  and  third  with  the  mass  in  one  position^  and  the  second 
and  fourth  with  the  mass  in  the  other  position,  I  compared  the 
mean  of  the  former  two  with  the  mean  of  the  latter ;  whereas 
Baily  drew  his  result  from  the  first  and  third  compared  with  the 
second,  and  from  the  second  and  fourth  compared  with  the  third. 
If,  when  the  mass  is  in  a  certain  position,  the  arm  of  the  torsion- 
balance  always  came  to  rest  at  the  same  place,  both  modes  of 
calcidation  would  lead  to  the  same  results ;  but  the  position  of 
eqmlibrium  perpetually  changes,  and,  as  a  rule,  towards  the 
same  side  during  a  series  of  experiments ;  hence  Baily's  mode  of 
observation  is  the  most  correct ;  and  if  the  change  in  the  position 
of  equilibrium  were  proportional  to  the  time,  which  is  not  exactly 
the  case,  it  would  furnish  results  totally  free  from  error.  In  the 
memoir,  therefore,  my  former  observations  have  been  recalcu- 
lated, and  a  final  result  of  5 '49  obtained. 

Another  circumstance  appears,  on  the  other  hand,  to  render 
it  probable  that  the  final  result  of  Baily  is  somewhat  too 
high.  In  Table  V.  of  his  work  the  single  series  of  observations 
are  arranged  according  to  the  weight  of  the  spheres  made  use  of. 
Taking  the  arithmetic  mean  for  each  sphere,  a  more  exact  calcu- 
lation wdth  reference  to  the  values  of  the  single  series  being  un- 
necessary for  our  purpose,  the  mean  density  of  the  earth  is  found 
to  be — 

With  the  2|-inch  lead  sphere  ....     5*595 

With  the  2-inch  lead  sphere     ....     5*634 

With  the  2|-inch  hollow  copper  sphere  .     5'658 

With  the  li-inch  platinum  sphere     .     .     5*627 

With  the  2-inch  zinc  sphere     ....     5*666 

With  the  2-inch  glass  sphere   ....     5*768 

With  the  2-inch  ivory  sphere  ....     5*775 

With  the  copper  arm  alone       ....     6*024 

We  observe  here  that  the  result  increases  as  the  weight  of  the 

sphere  diminishes,  the  sphere  of  platinum  forming  only  a  trifling 

exception  to  the  general  rule.     It  is  therefore  probable  that 

some  correction  has  been  inaccurately  determined  by  Baily,  which 

operates  most  sensibly  in  the  case  of  the  lighter  spheres,  leaving, 

however,  a  small  error,  on  the  same  side,  attached  to  the  heaviest 

also.  

The  apparatus  made  use  of  by  me  was  placed  in  a  closed 
cellar;  to  preserve  the  wood- work  from  decaj"^,  it  was  removed  to 
a  room  on  the  second  floor,  originally  with  the  intention  of  pre- 
serving, but  not  of  making  use  of  it  in  experiments,  as  I  found 
myself  unable  to  take  such  anxious  precautions  against  changes 
of  temperature  and  other  disturbances  as  Baily  has  taken.  But 
by  avading  myself  of  an  artifice  described  by  the  latter,  and  first 
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proposed  by  Professor  Forbes^  I  have  been  able  in  this  new- 
locality  to  make  observations  quite  as  regularly  as  before.  The 
artifice  consists  in  covering  the  case  surrounding  the  torsion- 
balance  within  and  without  with  a  metallic  coating,  in  my  case 
wdth  tin-foil.  The  advantage  of  such  a  metallic  covering  in 
observations  with  very  mobile  apparatus  has  been  proved  in  other 
cases  also  (by  ]\01.  Regnault  and  Kohlrausch) ;  it  may  perhaps 
be  due  to  the  lessening  of  the  sensitiveness  of  the  apparatus  with 
regard  to  differences  of  temperatm-e ;  or,  which  seems  to  me  most 
probable,  to  the  removal  of  every  trace  of  electrical  development 
from  the  apparatus. 

Another  modification  of  the  apparatus  resulted  from  the  fol- 
lowing out  of  my  original  idea  to  make  all  coiTections  as  small 
as  possible,  or  rather  to  do  away  with  them  altogether ;  so  that, 
as  far  as  practicable,  we  should  have  to  deal  with  the  simple 
attraction  between  the  mass  and  the  sphere  alone.  For  this 
reason  the  thick  wire  which  originally  carried  the  mass,  and  the 
attraction  between  which  and  the  sphere  and  arm  was  by  no 
means  inconsiderable,  was  omitted;  instead  of  it  the  mass  was 
laid  upon  a  kind  of  rotating  disc  which  surrounded  the  sphere 
and  its  case,  so  that  Avhen  the  position  of  the  mass  was  altered, 
the  attraction  of  no  other  body  for  the  sphere  suffered  any  change. 
In  this  case,  however,  experiments  could  no  longer  be  made  by 
observing  the  position  of  equilibrium  of  the  arm  at  various 
distances  between  the  mass  and  sphere ;  but  the  same  procedm-e 
as  that  followed  by  Cavendish  and  Baily  had  to  be  adopted,  the 
mass  being  suffered  to  attract  the  sphere,  first  from  one  side  and 
then  from  the  other. 

With  the  same  spheres  as  were  formerly  made  use  of,  which 
were  composed  of  tin  with  10  per  cent,  of  bismuth  and  a  little 
lead,  and  weighed  484*19  grammes,  and  also  \nth  the  same  masses 
of  lead  which  weighed  45031  grammes,  three  series  of  experiments 
were  executed.  I  will  here  state  the  single  results,  and  refer  to  the 
memoir  itself  for  the  more  special  indications  of  the  experiments. 

The  first  series  was  executed  with  a  copper  wire  0'5  miUimetre 
thick  and  2270  milhmetres  long,  and  gave — 


5-5948 

5-5933 

5-4715* 

5-4390 

5-6216 

5-2067* 

5-7114 

5-5470 

5-7452 

5-4406 

5-5177 

5-5737 

5-5270 

5-6880 

5-6211 

5-5587 

5-6046 

5-5334 

-  5-3773 

5-6149 

5-6423 

5-5237 

5-5681 

5-5237 

Mean    .     .     . 

V 

5-5519 

Probable  error 

00152 
M2 
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The  oi'iginal  numbers  themselves  suggest  the  idea  that  the 
two  results  marked  thus  *  must  be  erroneous ;  omitting  these 
from  the  calculation,  we  obtain  as 

Mean  5-5712  with  a 
Probable  error  of  0-0113. 

The  second  series  was  executed  with  a  copper  wire  0'4  of  a 
millimetre  thick  and  620  millimetres  long.  The  first  wire  was 
too  stiff  to  be  stretched  quite  straight  by  the  weight  of  the  tor- 
sion-balance attached  to  it,  and  it  was  a  natural  conjecture,  that 
the  considerable  alterations  in  the  force  of  torsion,  which  pro- 
nounced themselves  both  by  differences  in  the  magnitude  of  the 
deflections  and  by  differences  in  the  times  of  vibration,  might  be 
due  to  the  imperfect  tension  of  the  wire ;  this  source  of  error 
being  excluded  by  making  use  of  a  thinner  wire,  a  better  coinci- 
dence among  the  single  results  might  be  expected.  The  thinner 
■v\"ire  must,  however,  be  taken  shorter  than  the  former  one,  in  order 
not  to  make  the  duration  of  a  vibration  inconveniently  great. 
This  hope  was  not  fulfilled ;  for  in  the  first  series  the  time  of  a 
double  vibration  varied  from  688*6  to  722-0  seconds,  and  in  the 
second  series  from  497'0  to  512-6  seconds  j  the  former  of  which 
corresponds  to  a  change  of  the  force  of  torsion  in  the  ratio  of 
1  :  1'099,  and  the  latter  to  a  change  of  the  same  force  in  the 
ratio  of  1  : 1-064:;  the  results  obtained  in  the  second  series  are 
also  somewhat  more  discrepant  than  those  of  the  fii-st  series,  for 
we  found — 


5-5953 

5-7574 

5-5770 

5-7860 

5-7442 

5-5793 

5-3127 

5-6176 

5-9935 

5-5767 

5-4817 

5-6369 

5-5471 

5-5847 

5-4581 

5-5245 

5-5157 

5-6910 

5-5734 

5-7812 

5-6806 

5-5772 

5-6016 

5-6211. 

I 

; 

V 

Mean    .     .     . 

5-6173 

Probable  error 

00181 

The  third  series  was  executed  with  a  bifilar  iron  "ware;  the 
wires  being  4-2  milhmetres  apart  below,  and  5  millimetres  apart 
above,  and  still  2270  millimetres  in  length,  and  I  hoped  thereby 
to  obtain  more  coincident  results.  This  expectation  seemed  to 
be  justified  by  the  fact,  that  after  one  or  two  days  the  wire 
assumed  an  ahnost  constant  position,  whereas  a  unifilar  wire 
requires  several  months  before  the  tendency  to  turn  to  the  one 
side  or  the  other  is  annulled.  In  this  respect,  therefore,  the 
bifilar  ^*ire  is  decidedly  to  be  preferred.  But  unfortunately  the 
differences  in  the  force  of  torsion  were  even  more  considerable 
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than  before ;  the  single  observed  times  of  vibration  varied  from 
770-3  to  81 3*2  seconds,  and  hence  the  force  of  torsion  in  the 
ratio  of  1  :  1-114. 

This  variability  in  the  force  of  torsion  of  a  bifilar  or  unifilar 
wire,  which  exhibits  itself  when  the  weight  which  imparts  tension 
to  the  wire  remains  the  same,  diminishes  in  time,  is  indepen- 
dent of  temperature,  and  which,  it  may  be  remarked,  exhibited 
itself  in  Baily's  experiments  in  a  still  greater  degree,  is  well 
deserving  of  attention;  for  future  observations  it  would  be  of 
interest  to  ascertain  its  cause,  and  whether  it  is  not  possible 
completely  to  annul  it. 

The  bihlar  wire  gave  for  the  mean  density  of  the  earth, — 


5-3468 

5-4957 

5-5080 

5-4487 

5-7034 

5-6469 

5-7235 

5-7936 

5-6304 

2-5102 

5-7320 

5-4411 

5-5539 

5-5248 

5-3913 

5-7192 

5-7639 

5-5886 

5-7233 

5-4751 

5-7647 

5-6300 

5-5333 

5-5282 

V. 

1 

Mean    .     .     .5-5910 
Probable  error  0-0169 
With  the  bifilar  wire,  therefore,  we  have  not  succeeded  in 
obtaining  more  coincident  results. 

From  the  three  series  we  obtain  as  principal  mean — 
5-5832, 
with  a  probable  error  of  0-0149. 


A  doubt  very  naturally  suggests  itself  here,  whether  feeble  mag- 
netic or  diamagnetic  actions  between  the  mass  and  the  sphere 
might  not  interfere  with  the  correctness  of  the  results,  without, 
however,  subscribing  to  the  view  developed  by  Mr.  G.  Whitehead 
llcarn  (Philosophical  Transactions,  1847,  part  2,  p.  122). 

To  obtain  certainty  upon  this  point,  I  made  a  number  of 
experiments  with  a  diamagnetic  sphere  of  bismuth  and  a  mag- 
netic sphere  of  iron. 

The  bismuth  sphere  gave — 

5-6728  5-3939  5-7153 

5-6853  5-7876  5-5063 

5-1436  5-5032  53551 

5-5033 


Mean  5-5266 
with  a  probable  error  of  0-0402. 
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The  iron  sphere  gave — 

5'C)269  5-8182  5'9636 

5-7234  5-8071  5-3563 

5-5645  5-6455  5-8719 

5-6098  5-7025  5-5453 

^ -V ' 

Mean  5-6887 

with  a  probable  error  of  0*0312. 

The  smaller  result  obtained  with  the  bismuth  sphere  can 
decide  nothing  in  the  present  uncertainty ;  the  result  with  the 
much  more  strongly  magnetic  iron  sphere  is,  on  the  contrary, 
divergent  enough  to  render  it  probable  that  a  disturbing  influ- 
ence was  exercised  here ;  it  may  be  conjectured  that  the  mag- 
netism of  the  iron  sphere  acted  repulsively  upon  the  diamagnetic 
mass  of  lead ;  hence,  diminished  the  deflection  of  the  arm  due  to 
gravitation,  and  gave  too  great  a  value. 

It  is  at  all  events  e^ddent  from  this,  that,  in  the  principal 
expei'iments,  where  the  sphere  made  use  of  was  much  more 
feebly  diamagnetic  than  the  sphere  of  bismuth,  no  sensible  action 
of  the  kind  spoken  of  could  have  been  exerted. 


Cavendish  himself  found,  and  the  experiments  of  Baily  and 
myself  completely  corroborate  his  observation,  that  it  is  not  prac- 
ticable to  determine  the  time  of  oscillation  of  the  torsion-balance, 
once  for  all,  and  then  simply  to  ascertain  the  deflection  caused 
by  the  approximated  mass,  inasmuch  as  on  account  of  the  change- 
ableness  of  the  force  of  torsion  of  the  suspending  wire  spoken  of 
above,  correct  results  can  only  be  obtained  when  the  time  of 
oscillation  and  the  deflection  are  determined  simultaneously. 
This  is  also  the  reason  why  experiments  made  by  me  at  the  sug- 
gestion of  Professor  Forbes,  and  which  consisted  in  deducing  the 
mean  density  of  the  earth  from  the  observed  times  of  vibration, 
first,  when  the  attraction  of  the  mass  was  permitted,  as  hereto- 
fore, to  act  at  right  angles  to  the  direction  of  the  arm,  and 
secondly,  parallel  to  this  direction,  led  to  no  useful  result.  In 
the  present  arrangement  of  my  apparatus,  this  might  be  readily 
accomplished  by  placing  two  masses  of  lead  diametrically  oppo- 
site to  each  other ;  these,  however,  being  so  situate,  that  in  one 
instance  the  line  joining  their  centres  should  be  normal  to  the 
direction  of  the  arm,  and  afterwards  parallel  to  this  direction. 
In  this  way  the  arm  of  the  torsion-balance  would  not  be  at  all 
deflected ;  but  its  time  of  oscillation  would  in  the  former  case 
be  increased,  and  in  the  latter  diminished,  and  from  the  ratio 
of  both  it  would  be  easy  to  deduce  the  result  sought  for.     With 
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reference  to  this  pointy  and  to  certain  unsuccessful  experiments 
of  the  nature  just  described,  additional  information  is  contained 
in  the  memoir.  If  a  sufficiently  delicate  torsion-balance  of  per- 
fectly constant  \ibration-time  could  be  constructed,  the  solution 
of  the  problem,  in  the  way  last  mentioned,  would  not  be  without 
interest. 

Finally,  I  have  made  use  of  the  torsion-balance  in  diamag- 
netic  experiments.  As  these,  however,  have  been  already  par- 
tially published,  and,  as  regards  the  different  repulsion  of  rock 
crystal  and  calcareous  spar  in  the  direction  of  the  axis  and  per- 
pendicular to  the  latter,  have  been  more  successfully  executed 
by  Tyndall*,  I  refrain  from  mentioning  them  further  here. 


XXVI.  On  a  Neiv  Series  of  Organic  Bodies  containing  Metals. 
Bij  Dr.  E.  Frankland,  F.C.S.,  Professor  ofCheiuistrg,  Oiven's 
College,  Manchester  f. 

UNDER  the  above  title  1  described,  more  than  three  years 
ago,  some  preliminary  experiments  J  which  proved  the 
existence  of  certain  organic  compounds  highly  analogou.s  to 
cacodyle,  and,  like  that  body,  consisting  of  a  metal,  or  in  some 
cases  phosphorus,  associated  with  the  groups  C^  H^,  C'*  H^, 
C^  H'',  &c.,  and  possessing  in  most  instances,  highly  remarkable 
powers  of  combination.  I  fixed  the  composition  and  studied 
some  of  the  reactions  of  two  of  these  bodies,  to  which  the  names 
Zinemethyle  (C^H'^Zn)  and  Zincsethyle  (C'^H'Zn)  were  pro- 
visionally assigned,  besides  giving  methods  for  procuring  similar 
compounds  containing  tin,  arsenic  and  phosphorus,  by  acting 
upon  the  iodides  of  the  alcohol  radicals  with  these  elements,  and 
expressing  a  belief,  founded  upon  the  similarity  of  functions 
existing  between  hydrogen  and  the  groups  of  the  form  C"  H"+'), 
that  most,  if  not  the  whole,  of  the  compounds  contained  in  the 
following  scries  might  be  formed ;  those  marked  thus  *  being  at 
that  time  already  known. 


Hydrogen 
series. 


Jlcthyle 
series. 


iEthylc 
series. 


ZiiII 
As  H-* 
SI)  ll-'* 
P    IV* 


ZnC-lP*     ZnC^II 

\s(C2  113)2*  As (CMl^)- 


Sl)(C=  iPf 

p  (cni3)3* 


Slj(C'H*)' 
P  (C^HS)' 


Butyle 
series. 


Valyle 
scries. 


Amyle 
series. 


Zii  C  11'    IZn  C  H9.   Zii  C'«  H>' 

As(C«  H'")-|As(Cs  1-19)-  As(C'«  11")- 
SbCC-  Il')^Sb(Cs  H9)3iSbi,Cio  Iin):i 
P  (C«H0^'P  (CM19)ap  (C'ni")'' 


Phenyle 

series. 


Zn  C'-'  H5 
As(Ci2  IP)- 
Sb(C'M14)3 
P  (C'2H5)3 


*  PoggendorfF's  JHn«/en,  vol.  Ixxxiii.  p.  384.     Phil.  Mag.  Sept.  1851. 

t  From  the  Philosophical  Transactions  for  1852,  part  ii. ;  having  been 
received  by  the  Royal  t^ociety  May  10,  and  read  Jnne  17,  1852. 

X  Annalen  der  Cliemie  und  Pharmacie,  vol.  Ixxi.  p.  2 1  .'^j  and  Journal  of  the 
Chemical  Society,  vol.  ii.  p.  297. 
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]\Iore  recently  Lowig  and  Schweitzer*  have  commenced 
hibourmg  in  the  same  iield,  and  have  filled  up  one  of  the  gaps 
in  the  foregoing  table  hy  the  formation  of  stibrethylc,  (Sb(C'*  H^),) 
in  acting  upon  iodide  of  a^thyle  with  an  alloy  of  antimony  and 
potassium  ;  the  same  chemists  state  also  the  probable  formation 
of  similar  compounds  containing  mcthyle  and  aniyle  in  place  of 
icthyle,  and  bismuth  and  phosphorus  instead  of  antimony. 

I  have  continued  my  researches  upon  the  organo-metallic 
bodies  formed  as  above  described,  and  having  succeeded  in 
increasing  the  list  by  the  addition  of  sevei-al  new  members,  I 
pro])ose,  in  a  series  of  papers,  of  which  this  is  the  first,  to  lay 
before  the  Royal  Society  the  results  of  my  experiments  on  the 
formation  of  bodies  of  this  class. 

The  agents  which  I  have  hitherto  employed  in  the  formation 
of  these  organo-metallic  compounds  are  two,  viz.  heat  and  light  j 
in  many  cases  either  of  these  can  be  used,  in  others  only  one 
can  be  made  to  effect  the  desired  combination,  whilst  more  rarely 
the  assistance  of  both  appears  to  be  essential.  In  those  experi- 
ments m  which  heat  was  employed  the  materials  were  subjected 
to  its  action  in  sealed  glass  tubes,  about  1.2  inches  long,  and 
varying  in  diameter  from  half  an  inch  to  1  inch,  the  thickness 
of  the  glass  being  about  one-eighth  of  an  inchf.  To  preserve 
the  gaseous  jiroducts  of  the  operation  in  a  state  of  perfect  purity 
for  subsequent  investigation,  the  tubes  were  well  exhausted 
before  being  sealed;  they  were  then  immersed  to  about  half 
their  depth  in  an  oil-bath,  and  heated  to  the  required  tempera- 
ture. In  cases  where  the  influence  of  light  was  emjdoyed,  the 
materials,  confined  in  tubes  of  precisely  similar  dimensions,  were 
exposed  to  the  sun's  rays,  concentrated  in  most  eases  by  an 
18-inch  parabolic  reflector,  near  the  focus  of  which  the  tubes 
were  placed,  either  naked  or  surrounded  by  a  solution  of  sulphate 
of  copper  to  absorb  the  calorific  rays.  By  this  arrangement  the 
light  and  heat  could  be  increased,  diminislied,  or  modified  at 
pleasure,  which  was  found  Aery  convenient  in  several  of  the 
operations. 

Action  of  Tin  upon  Iodide  of  JEthyle. 

When  iodide  of  sethyle  and  metallic  tin  are  exposed  to  the 
action  of  cither  heat  or  ligbt,  the  tin  gradually  dissolves  in  the 
{ethereal  liquid,  which  finally  solidifies  to  a  mass  of  nearly 
colourless  crystals.  This  reaction  is  effected  most  conveniently 
by  the  action  of  light,  an  excess  of  tinfoil,  cut  into  narrow  slips, 

*  Annalen  der  Chemie  und  Pharmacie,  vol.  Ixxv.  p.  315. 
t  A  minute  account  of  the  construction  and  use  of  these  tubes  is  given 
in  the  Juimial  of  the  Chemical  Society,  vol.  ii.  p.  265. 
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being  employed :  tlie  sealed  tubes  contaiuing  these  ingredients 
should  be  placed  near  the  focus  of  a  large  parabolic  reflector, 
the  temperature  being  prevented,  if  necessary,  from  rising  too 
high  by  immersing  them  in  water  or  in  a  solution  of  sulphate  of 
copper.  The  uuconcentrated  rays  of  the  sun,  or  even  diffused 
daylight,  are  quite  sufficient  to  determine  the  formation  of  the 
crystalline  body;  but  an  exposure  of  several  weeks,  or  even 
months,  would  be  necessary  for  the  completion  of  the  change, 
which  is  effected  by  the  use  of  the  reflector  in  a  few  days  of 
bright  sunshine.  The  liquid  gradually  assumes  a  straw-yellow 
colour,  but  its  solidification  is  prevented  as  long  as  possible  at 
the  end  of  the  operation,  by  allowing  the  temperature  to  rise  20° 
or  30°  C.  above  that  of  the  atmosphere;  thus  nearly  tlie  whole 
of  the  iodide  of  ?ethyle  becomes  united  v/ith  tin.  AY  hen  heat 
instead  of  light  is  employed  to  effect  the  combination,  the  tubes 
should  not  be  more  than  half  an  inch  in  diameter ;  and  to  avoid 
the  risk  of  explosion,  should  not  be  more  than  one-fourth  filled 
with  the  materials  :  the  combination  takes  place  at  about  180°  C. 
The  agency  of  heat  is  therefore  much  less  convenient  than  that 
of  light  in  the  production  of  this  reaction,  which  is  also  never  so 
complete  as  when  the  latter  agent  is  employed;  I  have  satisfied 
myself,  however,  that  the  results  are  the  same  in  both  cases. 

Examination  of  solid  products. — The  capillary  extremities  of 
the  tubes  in  which  the  iodide  of  rethyle  had  been  exposed  to  the 
action  of  tin,  were  broken  ofi"  under  sulphuretted  water  and 
beneath  a  jar  filled  with  the  same  liquid* ;  the  gases  evolved 
were  preserved  for  eudiometrical  investigation.  The  crystalline 
product  of  the  reaction  was  then  withdrawn  from  the  tubes,  and 
after  being  exposed  to  a  gentle  heat  for  a  few  minutes  to  expel 
the  iodide  of  sethyle  that  had  escaped  combination,  was  treated 
with  alcohol,  in  which  the  crystals  readily  dissolved,  leaving  only 
a  small  residue  of  a  bright  red  colour,  which  proved  to  be  proto- 
iodide  of  tin.  The  filtered  alcoholic  solution  was  then  placed 
over  sulphuric  acid  in  vacuo,  where  it  soon  de])osited  a  large 
crop  of  long  needle-like  crystals,  which,  when  freed  from  the 
mother-liquor,  washed  with  a  small  quantity  of  dilute  alcohol, 
dried  between  folds  of  bibulous  paper,  and  finally  over  sulj)huric 
acid  in  vacuo,  yielded  the  following  analytical  results  : — 

I.  1'6806  grm.,  treated  with  aqueous  solution  of  ammonia, 
was  immediately  decom])osed,  iodide  of  ammonium  being  formed, 
whilst  the  iodine  in  the  original  compound  became,  as  I  shall 
show  below,  re])laced  by  oxygen ;  this  oxide,  which  is  almost 
absolutely  insoluble  in  ammonia,  collected  on  a  filter  and  dried 
at  100°  C.,  weighed  "7203  grm.;  decomposed  by  boiling  nitric 
acid  it  gave  '5811  grm.  peroxide  of  tin.  The  ammoniacal  solu- 
*  Journal  of  Clicmical  Society,  vol.  ii.  p.  2fi7. 
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tion,  acidulated  with  nitric  acid  and  precipitated  by  nitrate  of 
silver,  yielded  1'8418  grm.  iodide  of  silver.  After  precipitation 
of  the  excess  of  nitrate  of  silver  by  hydrochloric  acid,  sulphu- 
retted hydrogen  was  passed  through  the  solution,  and  the  slight 
precipitate  formed  was  washed,  di-ied,  ignited,  and  added  to  the 
above  peroxide  of  tin,  in  the  weight  of  which  it  is  included. 

II.  1'4254  gi'EQ-j  burnt  with  oxide  of  copper,  2  inches  of 
metallic  copper  being  placed  in  front  of  the  combustion-tube, 
gave  "5858  grra.  carbonic  acid  and  •2975  grm.  water. 

III.  1-2209  grm.  gave  0-5008  grm.  carbonic  acid  and  '2580 
grm.  water. 

IV.  2-0980  grms.,  treated  as  described  in  No.  I.,  yielded 
•9218  grm.  of  the  body  produced  by  the  action  of  solution  of 
ammonia,  which  yielded  -7239  grm.  peroxide  of  tin.  The  am- 
moniacal  solution,  precipitated  by  nitrate  of  silver  as  in  No.  I., 
produced  2-2883  grms.  iodide  of  silver. 

V.  -9113  grm.  gave  -3735  grm.  carbonic  acid  and  "1908  grm. 
water*. 

These  numbers  show  that  the  crystalline  body  is  a  compound 
of  one  atom  of  athyle,  one  atom  of  tin,  and  one  atom  of  iodine. 
The  formula  C'*  H^  Sn  I  requires  the  following  values  : — 


Calculated. 

Found. 

A 

r         ■^          1 

I. 

II. 

III. 

IV.        V. 

C^ 

24     11-18 

•  •• 

11-21 

11-19 

...    11-18 

w 

5       2-33 

,,, 

2-32 

2-35 

...      2-33 

Sn 

.     58-82     27-40 

27-18 

..• 

... 

27-12 

I 

.  126-84     59-09 

59-21 

... 

... 

58-76 

100-00 

For  reasons  described  below,  I  propose  to  call  this  compound 
iodide  of  statKEthylium. 

Iodide  of  stansethylium  crystalhzes  in  transparent,  slightly 
straw-coloured  needles,  which  are  right  rectangular  prisms,  fre- 
quently one-twelfth  of  an  inch  broad  and  2  or  3  inches  in  length. 
They  are  very  soluble  in  aether  and  in  boiling  alcohol ;  less  so  in 
cold  alcohol  and  in  water ;  the  watery  solution  is  decomposed  on 
boiling,  oxide  of  stansethylium  being  precipitated  and  hydriodic 
acid  formed.  Iodide  of  stansethylium  fuses  at  42^  C,  and  boils 
at  240"  C,  undergoing  at  the  same  time  partial  decomposition : 
it  possesses,  at  common  temperatm-es,  a  peculiar  pungent  odom-, 
somewhat  resembling  the  volatile  oil  of  mustard,  and  which 
irritates  the  eyes  and  lining  membrane  of  the  nose,  causing  a 
discharge  which  continues  for  several  hours  or  even  days,  espe- 

*  The  substance  used  in  Nos.  IV.  and  V.  was  produced  by  the  action  of 
light,  that  used  in  the  other  analyses  by  the  agency  of  heat. 
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cially  if  the  vapour  from  the  heated  iodide  of  stansethyhum  be 
inhaled ;  yet  this  compound  can  scarcely  be  said  to  be  volatile  at 
common  temperatures,  since  a  few  grains  may  be  exposed  to  the 
air  for  several  weeks  without  any  appreciable  loss  of  weight. 

Oxide  of  StamEthylium. — In  contact  with  solutions  of  the 
alkalies,  iodide  of  stansethylium  is  immediately  decomposed, 
oxide  of  stansethylium  and  an  alkaline  iodide  being  formed ;  ^-ith 
solutions  of  potash  and  soda  the  oxide  of  stansethylium  dissolves 
in  an  excess  of  the  precipitant,  but  is  reprecipitated,  unchanged, 
by  cautious  neutralization  of  the  alkaline  solution ;  with  solution 
of  ammonia  the  precipitated  oxide  remains  undissolved  on  the 
addition  of  an  excess  of  the  alkali ;  a  quantity  of  the  oxide  of 
staufethylium,  prepared  in  this  latter  manner,  was  heated  for  a 
few  minutes  with  an  excess  of  ammonia,  thrown  on  a  filter  and 
washed  with  distilled  water  until  all  iodide  of  ammonium  was 
removed.  Submitted  to  analysis  it  pelded  the  following  results : — 

I.  '3497  grm.,  burnt  with  oxide  of  copper,  gave  "3218  grm. 
carbonic  acid  and  "1630  grm.  water. 

II.  "7296  grm.,  decomposed  by  nitric  acid  and  ignited,  gave 
'5778  gi'm.  pero:?iide  of  tin. 

III.  "9218  grm.  gave,  when  similarly  treated,  '7239  grm. 
peroxide  of  tin. 

These  numbers  agree  closely  with  the  formula  C"*  H^  SnO,  as 
is  seen  by  the  following  comparison : — 


Calculated. 

Found. 

I. 

II. 

III. 

c*  .    . 

.      24 

25-05 

25-09 

... 

*•• 

H^  .     . 

5 

5-22 

5-18 

... 

... 

Sn  .     . 

.     58-82 

61-39 

,,, 

62-25 

61-73 

0    .     . 

.       8 

8-34 

... 

... 

... 

10000 

Analyses  Nos.  I.  and  lY.  of  iodide  of  stanrethylium  also  clearly 
show  the  transformation  of  the  iodide  into  the  oxide  of  stanaethy- 
lium  by  ammonia ;  in  analysis  No.  I.  1*6806  gnu.  of  iodide  of 
staupethylium  gav^  -7263  grm.  of  oxide  of  stansethylium,  and  in 
analysis  No.  IV.  2-0980  grms.  of  the  iodide  yielded  -9218  grm. 
of  the  oxide  of  stansethylium.     Hence 

Calculated.  Found. 


I.  II. 


100  parts  of  iodide  of  staurethylium"!    ^.g^     ^g.^^     43.93 
yield  of  oxide  ot  stauajthylium      J  ""^ 

The  numbers  obtained  by  experiment  correspond  sufhciently 
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well  with  the  theoretical  one,  when  it  is  considered  that  oxide  of 
stanrethylium  is  not  absolutely  insoluble  in  excess  of  ammonia. 

Oxide  of  stansethylium  presents  the  appearance  of  a  somewhat 
cream-white  amorphous  ])owder,  closely  resembling  peroxide  of 
tin,  but  less  heavy  than  that  oxide ;  it  has  a  peculiar  though 
slight  pcthereal  odour  and  a  bitter  taste ;  it  is  insoluble  in  water, 
alcohol  and  sether,  but  readily  dissolves  in  solutions  of  acids  and 
of  the  fixed  alkalies;  with  acids  it  forms  salts,  which  are,  how- 
ever, for  the  most  part  difficultly  crystallizable ;  those  with  strong 
acids  exhibit  an  acid  reaction.  The  nitrate  deflagrates  when 
heated  to  about  120'  C,  and  on  the  application  of  a  higher  heat 
becomes  pure  peroxide  of  tin.  The  salts  of  oxide  of  stana^thy- 
lium  behave  with  reagents  so  nearly  like  the  salts  of  peroxide  of 
tin,  that  the  two  are  very  difficult  to  distinguish  from  each  other. 

SulpJmret  of  StancBthylium, — When  sulphuretted  hydrogen  is 
passed  through  an  acid  solution  of  a  salt  of  stanrethylium,  a 
cream-coloured  precipitate  falls,  which  is  insoluble  in  dilute  acids 
and  ammonia,  but  soluble  in  concentrated  hydrochloric  acid, 
solutions  of  the  fixed  alkalies,  and  alkaline  sulphurets ;  from  its 
solutions  in  the  fixed  alkalies  and  alkaline  sulphurets,  it  is  repre- 
cipitated,  unchanged,  on  the  addition  of  an  acid.  I  have  made 
no  analyses  of  this  body,  but  there  is  no  doubt  that  its  formula 
is  C'*  H^  Sn  S,  and  that  it  is  produced  by  the  following  reaction — 

C4H5SnO  +  HS  =  C4H^SnS  +  HO. 

Sulphuret  of  stan^ethylium  presents  the  appearance  of  an 
amorphous  cream-coloured  powder,  having  a  pungent  and  very 
nauseous  smell,  resembling  decayed  horse-radish  :  when  heated  it 
fuses,  froths  up  and  decomposes,  emitting  vapours  of  a  most 
insupportable  odour.  Heated  with  nitric  acid  it  is  decomposed 
with  the  formation  of  peroxide  of  tin. 

Chloride  of  Stanathylium,  C'^H^SnCl. — This  salt  is  best 
prepared  by  dissolving  oxide  of  stansethylium  in  dilute  hydro- 
chloric acid :  on  evaporation  at  a  gentle  heat  or  over  sulphuric 
acid  in  vacuo,  the  chloride  crystallizes  out  in  long  colourless 
needles,  isomorphous  with  the  iodide,  which  salt  it  also  closely 
resembles  in  all  its  properties ;  it  is  however  more  volatile,  and 
therefore  emits  a  more  intensely  pungent  and  irritating  odour 
than  the  iodide. 

StanatJujlium. — When  a  strip  of  zinc  is  immersed  in  a  solution 
of  a  salt  of  stansethylium  (a  solution  of  the  chloride  of  stanaethy- 
Hum  is  the  best  for  this  purpose)  it  speedily  becomes  covered 
with  dense  oily  drops  of  a  yellow  colour,  which  finally  separate 
from  the  lower  extremity  of  the  zinc  and  accumulate  at  the  bot- 
tom of  the  vessel;  the  formation  of  the  oily  liquid  is  much 
favoured  by  the  apphcatiou  of  a  gentle  heat.     The  yellow  oil 
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was  separated  from  the  supernatant  liquid  by  means  of  a  pipette, 
and  well  washed  \\it)i  successive  large  portions  of  cold  water ; 
being  then  dried  over  chloride  of  calcium  and  submitted  to  ana- 
lysis, it  yielded  the  following  results  : — 

1.  '3150  grm.,  burnt  with  oxide  of  copper  and  oxygen  gas, 
gave  "3498  grm.  carbonic  acid  and  '17 o7  grm.  water. 

These  numbers  correspond  sufficiently  with  the  formula 
C'*  IP  Sn^  when  it  is  considered  that  the  staucethylium,  as  thus 
prepared,  contains  traces  of  undecomposed  chloride  of  stansethy- 
iium,  which  I  did  not  succeed  in  removing  by  the  most  pro- 
tracted washing;  and  as  stansethylium  docs  not  crystallize,  and 
cannot  be  distilled  without  decomposition,  I  could  not  avail 
myself  of  these  means  of  purification.  The  above  fonnula 
requires  the  following  numbers  : — 


Calculated. 
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C^    . 

.     24 

27-32 

26-95 

H5    . 

,       5 

5-69 

551 

Sn    . 

.     58-82 

66-99 

100-00 

The  isolation  of  stansethylium  from  its  chloride  by  zinc  is 
therefore  expressed  by  the  following  simple  equation  : — 

C'^H^SnCn  _  rZnCl 

Zn     J~\C*H-5Sn. 

Stansethylium  exists  at  the  ordinary  atmospheric  temperature, 
as  a  thick,  heavy,  oily  liquid,  of  a  yellow  or  brownish-yellow 
colour,  and  an  exceedingly  pungent  odour,  resembling  that  of 
its  compounds,  but  much  more  powerful.  It  is  insoluble  in 
water,  but  sohiblc  in  alcohol  and  author.  At  about  150"  C.  it 
enters  into  ebullition,  a  quantity  of  metallic  tin  is  deposited,  and 
a  colourless  liquid  distils  over,  having  a  peculiar  odour,  contain- 
ing a  considerable  quantity  of  tin,  and  exhibiting  no  tendency  to 
combine  with  iodine  or  bromine :  the  composition  and  properties 
of  this  liquid  I  have  not  further  ascertained ;  it  possibly  consists 
of  or  contains  hinethide  of  tin  (Sn(C'*  H'^)'^).  In  contact  with 
the  air  staurethylium  rapidly  attracts  oxygen  and  is  converted 
into  a  white  powder,  which  has  all  the  properties  of  oxide  of 
stanrethylium.  Chloride,  bromide,  and  iodide  of  stanrethylium 
are  immediately  formed  by  the  action  of  chlorine,  bromine  and 
iodine,  or  their  hydrogen  acids  respectively,  u])on  stanathylium  ; 
the  first  and  third  arc  in  every  respect  identical  with  the  salts 
above  described.  I  have  analytically  cxaniincd  the  bromide 
prepared  by  adding  an  alcoholic  solution  of  bromine  to  an  alco- 
holic solution  of  stanfcthylium  until  the  colour  of  the  bromine 
no  longer  disappears ;  by  spontaneous  evaporation  the  bromide 


Calculated. 

Found. 

24 

14-30 

14-32 

5 

2-98 

2-95 

58-82 

35-05 

8000 

47-67 
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of  stausetliyliuni  is  deposited  in  long  white  needles,  which  closely 
resemble,  both  in  appearance  and  properties,  the  chloride  of  stan- 
ffithyliuin.  These  crystals,  pressed  between  folds  of  bibulous 
paper,  and  dried  over  sulphuric  acid  in  vacuo,  gave  the  following 
analytical  results : — 

-9730  grm.,  bui-nt  with  oxide  of  copper,  yielded  -5108  grm. 
carbonic  acid  and  -258.2  grm.  water. 

These  numbers  agree  very  closely  with  the  formula  C'^H^SnBr, 
as  is  seen  from  the  following  comparison  : — 

Equivs. 
Carbon     .     .     4 
Hydrogen      .     5 
Tin      ...     1 
Bromine  .     .     1 

167-82      10000 

These  results  show  that  stansethylivim  perfectly  resembles 
cacodyle  in  its  reactions,  combining  directly  with  the  electro- 
negative elements  and  regenerating  the  compounds  from  which 
it  has  been  derived. 

Examination  of  Gases. — The  examination  of  the  gases  evolved 
on  opening  the  tubes  in  which  iodide  of  jethyle  and  tin  had  been 
submitted  to  the  action  of  heat,  and  which  were  allowed  to  stand 
over  sulphuretted  water  for  twelve  hours,  yielded  the  following 
results.     Specific  gra\ity  : — 

Weight  of  flask  filled  with  gas     .     .     35-4712  grms. 

Temperature  of  room 20°-8  C. 

Height  of  barometer 761-2  mm. 

Height  of  internal  column  of  mercury     15-2  mm. 

Temperature  in  balance  case   .     .     .     22°- 6  C. 

Weight  of  flask  filled  with  di-y  air    .     £5-4703  grms. 

Temperature  in  balance  case  .     .     .     22°*8  C. 

Capacity  of  flask 140-50  cubic  centims. 

From  these  data  the  specific  gra^•ity  was  calculated  to  be  1-0384. 
The  remainder  of  the  gas  was  submitted  to  eudiometrical 
analysis  :  the  following  numbers  were  obtained : — 

I,  In  Short  Eudiometer. 

Difference  Correctedvol. 

Observed  of  mercuiy  atO°C.andl 

volume.     Temp.         level.      Barom.   metre  press. 

Volume  of  gas  U5ed|  ^43.^     21-0  C.     f6-3     760-5      99-09 

(dry)     ...     J 
Volume  after  action 
of  fuming  SO^  (dry) 


'^'JI^  122-5     18-2         37-0     754-7     82-42 
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II.  In  Combustion  Eudiometer. 

Difference  Corrected  vol. 

Observed  ofmercurj^  atO°C.  andl 

volume.     Temp,         level.      Bai-om.    metre  press. 

^^^  HlO-3     18-1 C.  570-7     755-2      17-48 
moist)       .     .     J 

ume after admis-|3g3.g     ^g.3       ^^^.^     .55.^    ^g-.g^ 

sion  01  U  (moist)  J 
Volume  after  explo-lggg.g     ^g.^       33^.4     .55.8    124-86 

sion  (moist)  .  J 
Volumeafterabsoqo-1  2g_^.-      -^..^       ^^^,^     ^g^.j,      g^.^g 

tiou  01  00^  (dry)  J 


Volume  of  gas  used 

(moist) 
Volume  after  admis- 


ilume after admiS'H  .-rio  -      i- n         r,r' a     r^m.a 
i-xi  /I    N      >-o92-o     1/-0         77-9     761-0 
sion  ot  H  (dry)    J 


381-33 


Volume  after  explo--|3Q3.5     ^^.^       g^..^     ^g^.^    ^^^.g^ 
sion  (moist)     .     j 

As  the  gas,  left  unabsorbed  by  faming  sulphuric  acid,  was 
soluble  in  about  its  o^\ti  volume  of  alcohol,  with  the  exception 
of  a  very  small  per-centage  due  to  the  nitrogen  introduced  by 
diffusion  through  the  sulphuretted  water,  it  could  not  contain 
either  hydrogen  or  hycbide  of  methyle ;  and  the  result  of  the 
above  combustion  proves  that  it  is  hydride  of  sethyle,  for  I  have 
shown  that  1  vol.  of  hydride  of  sethyle  consumes  3-5  vols,  oxygen, 
and  generates  2  vols,  carbonic  acid,  numbers  which  almost  exactly 
correspond  with  those  obtained. 

17-48  vols,  of  the  gas,  containing  17-15  vols,  of  combustible 
gas  and  '33  vol.  of  nitrogen,  consumed  59*93  vols,  oxygen  and 
generated  34-63  vols,  carbonic  acid;  hence 


I'^olume  of  com- 

Oxyjreu 

Carbonic  acid 

bustible  gas. 

consumed. 

generated. 

17-15 

59-93 

34-63 

1              : 

3-49 

:             2-01 

Further,  the  gas  agrees  in  all  its  chemical  and  physical  pro- 
perties, with  the  hydride  of  sethyle  prepared  by  the  action  of  zinc 
upon  iodide  of  a^thyle  in  presence  of  water. 

The  composition  of  the  gas  absorbed  by  fuming  sulphuric  acid 
was  determined  by  exploding  a  known  volume  of  the  original 
gas  with  excess  of  oxygen,  and  determining  the  quantities  of 
oxygen  consumed,  and  carbonic  acid  generated. 

This  determination  gave  the  following  numbers : — 
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III. 

Difference  Correctedvol. 

Observed  of  merciu-y  at  0°  C .  and  1 

volume.     Temp.         level.      Barom.    metre  press. 

mm 


^\l2.20     19-7C.  563-0     764-3      20-95 


Volume  of  gas  used"!  T  n.",rv     ir"— n    fr"o., 

(moist) 
Volume  after  admis-^2^.-     ^q.q       ^^^.^     ^q^,^    j,qq.33 

sion  01  U  (moist)  J 

Volume  after  explo-'l  3^3..     ^Q-^       301-0     763-5    150-40 

sion  (moist)     .     j 

VolumeafterabsorpO  2gg.^     IQ-;       366-4     760-4    109-03 

tion  01  LO-'  (dry)  J 
Volumeafteradmis-1gg3.^     21-7  4-0     760-8    478-89 

sion  01  H  (dry)     J 

Volume  after  explo-lggg.Q     ^i-g       293-3     761-2    153-09 
sion  (moist)     .     J 

Hence  20-95  vols,  containing  20-62  vols,  combustible  gas, 
consumed  70-78  vols,  oxygen,  and  generated  41-37  vols,  car- 
bonic acid  :  now  as  20-62  vols,  of  this  gas  must  contain,  accord- 
ing to  analyses  Nos.  I.  and  II.,  17-10  vols,  hydride  of  rethyle, 
which  would  consume  59-85  vols,  oxygen  and  generate  34*20 
vols,  carbonic  acid,  it  is  evident  that  the  volumes  of  oxygen  con- 
sumed, and  carbonic  acid  generated,  by  the  gas  absorbed  by 
fuming  sulphuric  acid,  must  bear  the  following  relation  to  each 
other : — 


Volume  of  gas 

absorbable  by 

Oxygen 

Carbonic  acid 

fuming  SO^. 

consumed. 

generated. 

3-52 

10-93 

7-17 

1              : 

3-10 

:            2-03 

The  body  removed  by  fuming  sulphuric  acid  is  therefore  ole- 
fiant  gas,  1  vol.  of  which  consumes  3  vols,  oxygen,  and  generates 
2  vols  carbonic  acid,  numbers  which  correspond  sufficiently  with 
those  obtained  in  the  above  determination. 

The  last  analysis  can  also  be  employed  to  control  Nos.  I.  and 
II. ;  for  if  we  represent  the  volume  of  nitrogen,  contained  in  the 
original  gas,  by  x,  that  of  hydride  of  rethyle  by  y,  and  that  of 
oletiant  gas  by  z ;  and  further,  the  volume  of  mixed  gases,  oxygen 
consumed,  and  carbonic  acid  generated,  respectively  by  A,  B 
and  C,  we  have  the  following  equations  : — 

a;  +  y+   z  =  A 
2y  +  2r=C,  ' 
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from  wliich  the  following  values  for  x,  y  and  z  arc  derived  : — 

xz=  -27 
y-17-06 
z=  3-62 


20-95 

The  per-centage  composition  of  the  gases  evolved  by  the  action 
of  heat  upon  iodide  of  fethyle  and  tin  is  therefore  the  following: — • 

I.  and  II.  III. 

Hydride  of  £ethyle      .     .     81-61  81-43 

Olefiantgas     ....     16-82  17-28 

Nitrogen 1-57  1*29 


100-00  100-00 

This  result  is  also  confirmed  by  the  determination  of  the 
specific  gravity  of  the  gaseous  mixture,  as  is  seen  from  the  fol- 
lowing calculation  : — 

C^H^H     .     .     .     81-61x1-03652  =  84-590 

C^H'i         .     .     .     16-82  X    -96742  =  16-272 

N  ...       1-57  X    -96740=  1-519 


100-00  ^^^■^^1  =  10'>381 


100 

Specific  gravity  found  by  experiment  .     .      =1-0384 

The  presence  of  hydride  of  sethyle  and  olefiant  gas  amongst 
the  products  of  the  action  of  heat  upon  iodide  of  wthyle  and  tin, 
shows  that  the  combination  of  tin  with  iodide  of  tethyle  is  not 
the  only  reaction  wliich  takes  place,  but  that  a  portion  of  the 
iodide  of  a>thyle  is  also  decomposed  by  the  tin,  with  the  produc- 
tion of  iodide  of  tin  and  a^thyle ;  the  latter  body  being  trans- 
formed at  the  moment  of  its  liberation  into  hydride  of  sethyle 
and  olefiant  gas,  a  catalysis  to  which  this  radical  is  so  prone, 

2^1  H^  I 

2Sn 

It  was  ascertained  that  protoiodide  of  tin  was  present  amongst 
the  solid  products  of  the  reaction. 

The  large  excess  of  hydride  of  a^thyle  exhibited  in  the  above 
analysis,  may  have  been  caused,  either  by  the  greater  solubiHty 
of  olefiant  gas  in  iodide  of  ?ethyle  (a  further  and  considerable 
amount  of  gas  being  expelled  frum  the  tube  by  the  ajjplication 
of  a  gentle  heat),  or  by  the  presence  of  moisture  in  the  materials, 
which  would  give  rise  to  the  formation  of  oxyiodide  of  tin  and 
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hydride  of  setbyle. 


HO 

2Sn 


rc*  H^  H 

'\SnO  +  SnI. 


Both  these  causes  probably  contribute  to  produce  the  excess 
of  hydride  of  jcthyle ;  but  the  very  small  amount  of  gaseous 
products,  compared  with  the  solid  ones,  convinced  me  that  the 
production  of  the  former  is  onlj'  an  accidental  circumstance, 
which,  howe\cr  it  may  be  interpreted,  does  not  at  all  affect  the 
principal  reaction,  viz.  the  formation  of  iodide  of  stanaethylium. 
The  gases,  evolved  by  the  action  of  light  upon  iodide  of  sethyle  and 
tin,  are  perfectly  similar  to  those  obtained  by  the  action  of  heat. 

Stanmethylium  and  stanamylium  are  formed  when  the  iodides 
of  methyle  and  amyle  respectively  are  exposed  to  the  action  of 
light  in  contact  with  tin ;  their  salts  are  isomorphous  with  those 
of  stansethylium  ;  but  I  have  not  yet  completed  the  investigation 
of  these  bodies. 

[To  be  continued.] 

XXVII.  On  the  Method  of  Symmetric  Products.  By  James 
Cockle,  M.A.,  of  Trinity  College,  Cambridge ;  Barrister-at- 
Law  of  the  Middle  Temple^\ 

[Continued  from  vol.  iv.  \>.  496.] 

17.  ^THHE  following  processes,  which  supersede  the  formidable 
JL      eliminations   threatened   by  the    conditions  already 
arrived  at,  appear  to  suggest  a  general  method  of  treating  sym- 
metrical equations. 

18.  From  the  terms  in  y^  y^  and  y^  y^   respectively  we  obtain 

%  .  /3  — S  .  a.^UciU.^^=0  and  S  .  ^y^^  —  X  .  aiCiQ^^/3^  =  0, 
or 

and 

(/3l  +  /3.)  (^3  +  ^4)  =  {«.^.  +  "1^2)  («4/33  +  «3/34) . 

19.  It  follows  from  this  that 

(/3,  + /S2)  (E -/3, -/3,)  =  («,/3i  +  «, /3,)  (E  -  «2  A -«i^2). 
and  we  find 

^l+/32  =  «2/3l  +  ai^2    ^>^'    «4^3  +  «3/34. 
As  +  ^4  =  «4A^  +  «3^4    01"    «2/3]+ai^2. 

Of  these  systems  of  values  I,  here  at  least,  adopt  the  former  and 
make 

/3j  +  ^2= «2^j  +  a,  /g^,     ^3  +  /34 = «4/33  +  «3^4, 

*  Communicated  bv  the  Author. 
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or  /3^  =  a^/3c>  and  ^a^aQ^^; 

hence 

A/32/33A  =  l=«2«4^i'/33'.  or  /9i^/33^  =  a,«3.    .     .     .    (d) 

20.  The  equality  of  the  coefficients  of  y/  yg  and  yg^  y^  is  ex- 
pressed by 

2  .  aia2«3/54-S  .  ai^2^3/34  =  0, 
or 

Multiplying  the  left  of  this  equation  by   x^a^a^,  and  the  right 
by  /3|^3,  and  slightly  cbauging  the  form  of  the  result,  we  obtain 

{(H-«r')/3,  +  (l+a3-')^3}    v/^3=(«l  +  l)/33+(«3+l)A. 

Multiply  the  last  equation  into  ySg  and  ^S,  successively.     The 
respective  results,  combined  with  {d),  give 

^,2=:ai  and  ^3^  =  a^. 

21.  Now,  from 

we  deduce 

(/3i'+/9r')(/93'  +  /33-')  =  F-2  =  (^i  +  /3r')(/33+/33-^ 

and  hence  arrive  at 

(F-2)2=F-2  +  2E  +  4=F  +  2E  +  2.    .     .     .     (e) 

22.  But  we  also  have 

E2=(5;.yS)2  =  S./S2  +  22.A^2=E  +  2F;     .     .     (/) 

and  the  elimination  of  F  between  (e)  and  (/)  gives 

E4_2E3-9E2  +  2E  +  8=0=(E-2-l)(E2-2E-8), 

where  the  values  of  E  are  1,  —  1,  —  2,  4.    I  here  adopt  —  1,  and 
from  (/)  find  that  1  is  the  corresponding  value  of  F. 

23.  These  values  reduce  (c)  to  the  form 

z^-\-z^  +  z^  +  z+l  =  0, 
and  the  values  of  z  are  the  unreal  roots  of 

^-1=0, 

of  which,  if  a  be  one,  the  others  are  a-,  d?  and  a.^. 

24.  Let  us  now  make 

Y, = y  1  +  «  y.2  4-  a-y3  +  «'l'/4  +  ^^y^, 

Ya = y  1  +  As  +  «^y3  +  ^l'/4  +  «  Vb^ 

Y3  =  y  1  +  «Y2  +  «   ^3  +  «V4  +  "Vs^ 

^4=^1+ «-y2 + As + «  ^4 + «^ys> 

N  2 
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and 

and  determine  the  functions  1^. 

25.  Denoting  by  c'<^{y])  the  coefficient  of  <^{y)  in  tt,  we  see 
that 

c{y^;)=a^^  =  \, 

and  all  the  terms  in  y'^  are  symmetric,  and 

^.y'=X-y' {9) 

2G.  Let  7}  denote  one  and  6  another  ofthe  quantities  a, /S, 7,  S, 
and  let  7?,  and  6^  be  respectively  equal  to  a'"  and  «".     Then 

„m  —  nt   „n—tn  _i_  «3(»n— n)    i   ^3(«— m)  __  '^ 

and  the  terms  of  the  form  y^^Vs  are  symmetric,  and 

'^•yi^y2=-S.y,^y-2 •    (^0 

27.  Again : 

c(?/f.//^)  =  S  .  r?i77,^3^4  =  2  +  (77,^1  +  vA)  {vA  +  V3O4) 
=  2  +  («"-'"  +  «'"-")  (a3:«-"0  ^  a^^'-''^)  =  1, 
and  the  terms  of  the  form  j/l  yl  are  symmetric,  and 

'^■yi^l/i-=^''!/iV W 

28.  I  shall  next  consider  y^y-iygy^,  of  which  the  coefficient  is 

2  .  «,{/32(73  +  74)  +/93(7-2  +  74)+^4(72  +  73)}- 

Developing  this  and  making  the  substitutions  indicated  by  (24), 
we  find 

c{y\  y^VsV^)  =4  +  5  (a  +  or  +  a'"^  +  a"*)  =  -  1 . 

29.  If  in  the  formula  of  (28)  we  replace  «  by  u^,  o?,  and  a'* 
successively,  we  shall  be  conducted  to  respective  results  identical 
with  the  last.     In  other  words, 

<^k'j\ViVzy^=c{yxVzVby^-c{yxiuy'i.y-}i-c{y\yf;<j^y^  =  - 1. 

30.  In  place  of  Y^  put  a^'Y,..  The  product  will  be  unaltered 
in  value,  but  there  will  arise  changes  indicated  by  the  symbolic 
equation 

x^yv  y^^  ys.  y^^  y^=x{yh^  yv  y^^  y-a^  y^)- 

We  hence  infer  that 

c{y9y3y4y6)-c{y\y2y3y4)  =  -^> 

and,  all  the  terms  of  this  form  being  symmetric,  that 

f-yiy^ysyA^-'^-yiy^y-syA U) 

31.  Lastly,  let 

ciypjrys)  =  (y^  ^'>  ^)  =  (^^  ^'  '■)  • 
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Then 

{\,r,s)  =  ^.n.J^,  =  Y.^-^.'n,d„ 
and 

(1,2,  3)  =  (1,2,  4)  =  (1,3,  5)  =  (1,4,  5)  =2, 
and 

(l,2,5)  =  (l,3,4)=-3. 

32.  Let 

{V2^i + vA)  (% + va) = v',    {vA + vA)  ivi + v^ = 0', 

and,  for  a  reason  derived  from  (26),  let 

r}'  +  e'=.f{m,7i)=f{r-l,s-l). 
Then,  placing  the  suffix  of  the  square  to  the  left, 
(;•,  1,  s)  =2  .  ^,772(^3  +  ^4)  =  ^  •  0+Jim,  n)=-l  +f{r-l,  s-l). 

33.  Let  <^(/)  =  a'  +  «-<, 
then 

/(;— l,5-l)=,^(5-r)(/)(3r-3)+</)(35-3;-)c/)(r-l), 
whence  we  find 

/(I,  2)= -2,    /(J,3)  =  3=/(l,4). 

34.  The  nature  of  a  is  such  that 

/(I,  2)=/(2,  4)=/(3,  l)=/(4,  3)  =  3-5, 
/(],  3)  =/(2, 1)  =/(3,  4)  =/-(4,  2)  =3, 
/(l,4)=/(2,3)=/(3,2)=/(4,  1)  =  3. 

35.  By  the  cycle  of  (30)  we  find 

{q,r,s)  =  (q-l,r-l,s~l), 

where,  when  zero  occurs  among  the  symbols,  5  is  to  be  substi- 
tuted for  it.     And  we  now  see  that 

(2,  3,  4)  =  (1,2,  3),     (2,  3,  5)  =  (1,2,  4),     (2, 4,  5)  =  (1,3, 4), 

(3,  2,  4)  =  (2,  1,3),     (3,  2,  5)  =  (2, 1,4),     (4, 2,  3)  =  (3, 1,  2), 

(4,  2,  5)  =  (3,  1,4),     (5,  2,  3)  =  (4, 1,2),     (5,  2,4)  =  (4,  ],  3). 

36.  By  putting  ^"^  Y,.  in  place  of  Y,.  in  the  original  system, 
we  arrive  at 

iq,r,s)  =  {<j-2,r-2,s-2); 
and,  so,  at 

(3,  4,  5)  =  (1,2,  3),     (4,3,5)  =  (2,1,3),     (5,  3,  4)  =  (3,  1,  2), 

results  also  obtainable  from  (35)  by  a  double  reduction. 

37.  We  are  thus  conducted  to 

1!  being  such  that  each  value  of  t/  and  of  7/,?/2  occurs  in  it  once 
and  once  only.     It  has  what  may  be  termed  a  partial  symmetry. 

38.  Combining  tlie  last  equation  with   {(j),  (h),  (i)  and  (/), 
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aud  making 

E=-l,     r=:l,     G  =  2,     H=-l, 

the  relation  given  in  (10)  becomes 

P4=2 .  y^-2 . 7/1^7/2  + 2 .  yi^y^^  +  2^ .  y.^jc^y.^-^  •  ViV^ysy^. 

39.  And  we  also  have 

U4=  -^^'■yx\yays+ysy^  =  -^{y\\y'2ys-^ihy^) 
+yciHyiy3+y4V5)  +y3^{yiys+y^y^i)+y4^{yiy2+y3ys) 
+y5^iyiU4+y2y3)}- 

40.  If  we  denote  by  S  a  symmetric,  and  by  U  an  unsymmetric 
function,  the  equation 

is  satisfied,  not  only  by 

S=P4,     V  =  V„ 
but  also  by 

S = P4-  52 .  yi^ys^s'    U = U4 + 52 .  yi^y^ys, 

and  in  other  ways  not  necessary  to  be  mentioned. 

41.  In  effecting  the  transformation  {b)  of  (9)  by  my  process, 
the  second  condition 

W,  =  'slr{x,y,z)=0 

must  be  superseded  by  the  equation 

B4-|b,B3+^b,^b,-^b,^=o, 

the  left  of  which  is  a  critical  function.     Each  of  the  functions  Y 
and,  consequently,  their  product  is  critical. 

42.  It  does  not  appear  to  be  possible  to  render  'Tr^{y^  perfectly 
symmetric  in  the  general  equation.  For,  starting  with  the 
results  of  (20),  we  may  convert 

c{y,y^^y3)-c{yxy,y3-)  =  {2, 1, 3)-(3, 1, 2)=o 

into 

<^'(X)(/)'(^yu)  +  <^'(  \/^)</>V)  -  2</)'(  \/A)</)'(  v/ya)  =0, 

where 

<^'(r)=:  ?■  +  ;•-!. 

But  if  we  combine  this  relation  with 

c{y,'  y^) = ciy.^yz)  or  </)'(^)  +  </)'(/^)  =  4>'{  ^/x)  +  (/>'(  v//x), 
we  shall  be  led  to  conditions  which  seem  inconsistent  with  sym- 
metiy. 

43.  In  line  8  of  (4)  P„  must  be  replaced  by  P,j_i,  and  in  line 
14  of  (5)  C„_,  must  be  put  in  place  of  C„. 

2  Pump  Court,  Temple, 
Dec.  24,  1852. 
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XXVIII.   On  Copper  Smelting.     By  James  Napier,  F.C.S.^- 

[Continued  from  p.  39.] 
Calcination  of  the  granulated  coarse  Metal. 

THE  next  operation  is  the  calcination  of  the  granulated 
coarse  metal ;  this  is  done  in  the  same  manner  as  the  cal- 
cination of  the  ore^but  the  furnaces  used  are  always  single-bedded, 
and  measure  inside  about  21  feet  in  length  and  14  feet  in  width. 
The  charge  of  metal  covers  the  bottom  of  the  hearth  to  the  depth 
of  about  4  inches,  making  about  4  tons,  and  is  put  in  through 
the  hoppers  fitted  upon  the  top  of  the  furnace  as  described  for 
the  ore. 

The  coarse  metal  being  easily  fused,  great  care  is  required  not 
to  raise  the  heat  of  the  furnace  too  high,  otherwise  the  metal 
will  cake,  and  by  adhering  to  the  bricks  will  prove  prejudicial  to 
both  the  calcination  and  the  furnace.  AVhen  the  charge  is  let 
into  the  furnace,  it  is  slowly  brought  to  a  visible  red,  the  fire  is 
gradually  and  cautiously  increased  vmtil  the  metal  acquires  a 
bright  red  heat,  which  should  take  about  fourteen  hovirs.  This 
temperature  is  continued  until  the  charge  has  been  altogether 
twenty-four  hours  in  the  furnace,  when  it  is  let  down  through 
the  bottom  into  the  cubs  or  vaults  beneath. 

Fineness  of  granulation  ensures  a  more  perfect  calcination, 
a  more  extensive  surface  being  exposed.  As  the  heat  requisite 
to  drive  off  the  sulphur  does  not  penetrate  deep  into  the  solid 
granules,  rendering  the  calcination  of  coarse  metal  tedious,  the 
mass  is  turned  over  by  means  of  iron  paddles  every  two  hours 
during  the  operation.  At  some  works  it  is  done  every  hour, 
which  we  consider  preferable ;  but  there  is  a  far  greater  loss  of 
heat,  owing  to  the  doors  of  the  furnace  being  kept  longer  open 
in  stirring  every  hour  than  every  two  hours,  which  neutralizes 
the  advantage  of  the  extra  turning  over. 

After  the  charge  has  laid  a  little  in  the  cubs  a  quantity  of  water 
is  thrown  upon  it,  and  it  is  then  allowed  to  cool.  The  addition 
of  the  water  prevents  dust,  which  flies  off  readily  when  dry, 
causing  loss;  and  also  effects  a  certain  amount  of  oxidation,  as  a 
great  quantity  of  sulphuretted  hydrogen  is  given  off,  the  metal 
assuming  a  black  colour.  When  cold,  the  metal  is  removed  from 
the  cubs  to  a  heap,  from  which  it  is  taken  to  the  fusing  furnaces. 

The  chemical  changes  which  take  place  during  the  calcination 
of  the  coarse  metal  are  somewhat  similar  to  those  described  in 
the  case  of  the  ore,  but  are  not  fully  developed  owing  to  the  solid 
state  of  the  granules.  That  sulphates  are  formed,  we  have  had 
sufficient  eVidence  by  taking  out  small  portions  during  the  ope- 
ration and  testing;  but  the  quantities  are  small. 

*  Communicated  by  the  Author,  who  reserves  to  himself  the  copjiight, 
any  infringement  whereof  will  invoke  legal  proceedings. — Eds, 
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The  following  aualj^ses  give  a  fail-  average  of  the  results  of 
calcining  coarse  metal : — 


Copper     ....  32 

Iron 36 

Sulphur   ....  25 

Insoluble  matter     .  7 


Metal  put  Metal  after 

into  calciner.  calcination. 

Copper     ....     33 

Iron 36 

Sulphur  .  .  .  .  13 
Insoluble  matter  .  7 
Oxygen    .     .     .     .     11 


100 


100 


The  following  is  given  by  Lc  Play  as  the  composition  of  cal- 
cined coarse  metal_,  which  differs  but  little  from  the  average  oi 
our  experience : — 

Coarse  metal  After  partial 

put  in.  calcination.              Finished. 

Copper     ....     33-7  316                 35-6 

Iron 33-6  35-1                  36-1 

Sulphur    ....     29-2  16-4                 11-7 

Other  metals      .     .       2  \o                    1-6 

Insoluble  matter     .        M  1-1                    1-2 

Oxv-en 11-3                 13-8 


99-6  1000  100-0 

The  interference,  arising  from  the  solid  character  of  the  gra- 
nules, with  the  full  development  of  the  chemical  reactions  in  the 
calcination,  is  completely  got  over  by  obtaining  the  coarse  metal 
in  the  state  of  a  powder,  either  by  crushing  it  mechanically,  or  by 
the  process  referred  to  in  the  last  article,  namely,  fusing  with 
sulphate  of  soda  and  coals,  and  immersion  in  water.  In  calcining 
such  powders,  the  reaction  between  the  metal  and  the  air  or 
gases  in  the  chamber  or  hearth  go  on  without  interruption,  and 
enable  us  to  define  it  experimentally.  It  is  with  powder  pro- 
duced by  the  last  process  to  which  our  investigations  have  been 
mostly  directed;  but  the  results  we  find  applicable  not  only  to 
crushed  powder,  but  to  the  granulated  coarse  metal,  so  far  as 
the  action  can  be  developed  consistent  with  their  solid  state. 

The  first  series  of  experiments  with  the  powder  were  made  in 
a  two-bedded  calciner.  The  pov.der  was  obtained  from  a  poor 
Cornish  ore,  and  was  not  thoroiighly  washed.  A  sample  was 
taken  from  the  furnace  every  four  hours ;  100  grains  were  boiled 
in  distilled  water,  and  the  quantity  of  sulphates  ascertained; 
another  portion  was  digested  in  nitromuriatic  acid,  and  the 
copper,  iron,  sulphur,  and  insoluble  matters  determined;  the 
sulphur  in  the  sulphates  being  deducted  from  the  whole  to  deter- 
mine what  was  combined  v.ith  the  metal  as  sulphurct.  The 
following  table  gives  the  results  : — 
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Time. 

Copper. 

Iron. 

Sulphur. 

Sulphuric 
acid. 

Copper  in 
solurion. 

Iron  in 
solution. 

Insoluble 
matters. 

Put  in. 

20-4 

39-7 

24-7 

•9 

4-5 

4  hours. 

18-9 

37-9 

18-3 

1-6 

■o 

5-5 

8  hours. 

20-5 

32-4 

7-5 

13-9 

60 

•4 

91 

12  hours. 

19-3 

35-4 

7-8 

13-7 

7-6 

•4 

6-8 

16  hours. 

23-9 

26-4 

51 

14-4 

i       6-4 

•6 

11-7 

20  hours. 

18-4 

29-5 

21 

21-6 

1     130 

•7 

161 

24  hours. 

26-2 

39-8 

7-4 

4-4 

1 

trace 

8-5 

28  hours. 

23-4 

391 

2-6 

41 

1 

trace 

7-0 

32  hours. 

23-8 

350 

1-7 

4-8 

1-4 

trace 

10-5 

36  hours. 

26-8 

40-5 

10 

5-5 

1-3 

trace 

5-5 

40  hours. 

25-2 

,     36-0 

•5 

4-1 

10 

trace 

70 

44  hours. 

22-9 

34-1 

•5 

3-7 

•5 

1 

trace 

140 

During  the  last  twelve  hours  the  heat  of  the  furnace  was  at  a 
bright  yelloWj  sufficient  to  fuse  uncalcined  coarse  metal. 

The  following  is  a  repetition  of  the  same  experiments  with 
another  charge  of  powder^  the  heat  of  the  furnace  being  more 
intense  than  the  last : — 


Time. 

Copper. 

Iron. 

Insoluble. 

Sulphur. 

1  Sulphuric 
\      acid. 

Sulphate  of  Sulphate  of 
copper.     1       iron. 

Put  in. 

22-5 

351 

4-4 

24 

4  hours. 

22-6 

35-6 

10-8 

10 

11-4 

4-4 

1-4 

8  hours. 

28-0 

30-7 

2-4 

15-4 

e-6 

2-6 

10 

12  hours. 

260 

36-0 

3-2 

17 

2-4 

1 

trace 

16  hours. 

26-8 

35-2 

3-2 

18 

30 

•8 

•6 

20  hours. 

260 

40-4 

4-8 

18-5 

,       1-4 

•7 

•2 

24  hours. 

26-6 

27-8 

12-8 

3-6 

!       4-8 

2-7 

trace 

28  hours. 

26-8 

30-5 

12 

!       5-8 

3-4 

trace 

32  hours. 

26-5 

26-3 

12 

1-5 

7-8 

5 

trace 

36  hours. 

27-2 

360 

3-2 

4 

3-7 

2 

trace 

40  hours. 

28-5 

360 

6 

2-5 

4-3 

1-5 

44  hours. 

28-8 

36-5 

' 

•5 

3-4 

•5 

By  casting  the  eye  along  the  sulphur  and  sulphuric  acid 
columns,  the  change  taking  place  is  very  apparent  and  interest- 
ing. The  rapidity  of  the  formation  of  sulphuric  acid  at  the 
commencement  may  be  assisted  by  the  powder  being  damp; 
nevertheless  there  seems  to  be  an  intermitting  action  between  the 
sulphur  as  sulphurets  and  sulphuric  acid,  the  oxide  of  iron  pro- 
bably playing  a  part  in  these  I'cactions.  It  is  also  seen  that  it  is 
much  more  difficult  to  decompose  sulphate  of  copper  by  heat  than 
sulphate  of  iron.  It  is  remarkable  how  little  sulphur  is  driven 
off  wliilc  in  the  top  bed,  and  how  rapidly  it  is  evolved  when  the 
})Owder  enters  the  lower  and  hotter  bed,  so  as  in  a  few  hours  to 
decompose  the  whole  of  the  snlphurets. 

Thefollowing  table  contains  the  results  of  experiments  madewith 
a  three-bed  calciner,  the  heat  passing  from  one  bed  over  the  other, 
the  powder  being  put  in  at  the  top  and  let  down  through  each 
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bed,  as  described  for  the  ore,  the  charge  being  kept  in  each  sixteen 
hours,  stirred  once  every  hour,  and  a  sample  taken  out  imme- 
diately after  stirring  from  the  same  part  of  the  furnace,  and 
tested  in  the  manner  above  described. 


Time. 

Copper. 

Iron; 

Insoluble. 

Sulphur. 

Sulphuric 
acid. 

Sulphate  of 
copper. 

Sulphate  of 
iron. 

Put  in. 

30 

37-4 

3-6 

1     26-1 

trace 

1  hour. 

29-2 

37-4 

3-6 

23 

2-4 

1 

•4 

2  hours. 

27-2 

34-6 

7-2 

17-5 

7-2 

35 

1-4 

'A  hours. 

268 

34-6 

4-8 

14-2 

5-2 

3 

•4 

4  hours. 

28 

18-6 

16 

6-4 

16-4 

9-0 

•6 

5  hours. 

2Q 

30-5 

8-8 

11-5 

51 

3-5 

•4 

6  hoius. 

27-2 

27-6 

4-8 

10 

22-3 

13 

20 

7  hours. 

24-8 

28-8 

5-2 

4-3 

18-5 

11-6 

•2 

8  hours. 

27-2 

35-6 

2-8 

16 

5-6 

3-5 

•2 

9  hours. 

26 

36 

4 

20-7 

1-7 

•8 

trace 

10  hours. 

26 

37-4 

2 

13-3 

6-8 

3-5 

•4 

11  hours. 

24-8 

38-2 

1-6 

17-5 

4-5 

2-4 

•4 

12  hours. 

25-6 

291 

9-6 

16 

4-2 

3-0 

■2 

13  hours. 

28 

36 

2-8 

19-4 

24 

1-4 

trace 

14  hours. 

26-4 

34-5 

8 

14 

3 

1-2 

15  hours. 

27-2 

36 

2 

16 

4-4 

2-6 

trace 

16  hours. 

28 

29 

132 

9 

5-7 

4-5 

trace 

17  hours. 

26-4 

34-6 

6-8 

11-6 

5-8 

3 

trace 

18  hours. 

26-8 

32 

10 

14-3 

3-6 

2 

trace 

19  hours. 

27-2 

36 

3-6 

18 

22 

15 

trace 

20  hours. 

24 

38-5 

5-2 

20 

15 

1-4 

21  hours. 

24 

38 

5-2 

9-4 

5-3 

2-5 

trace 

22  hours. 

31 

34-3 

10-4 

7-4 

3-9 

1 

trace 

23  hours. 

24-3 

30-3 

9 

8-6 

53 

2-8 

trace 

24  hours. 

27 

361 

4-6 

6-5 

50 

31 

2?>  hours. 

272 

341 

3-9 

7-2 

5-4 

2-8 

2Q  hours. 

25-0 

31-9 

3-8 

9-6 

5-2 

3 

27  hours. 

30-4 

30-4 

6-7 

5-4 

6-6 

4 

28  hours. 

25-2 

28-9 

40 

6 

6-7 

3-3 

29  liours. 

24 

32-7 

5-8 

8 

4-6 

3 

30  hours. 

25-2 

34-7 

5-7 

4-2 

4-2 

25 

31  hours. 

25-5 

34-3 

5-7 

7-4 

2-9 

37 

32  hours. 

265 

341 

10-6 

4-5 

6-4 

4-2 

33  hours. 

26 

37-5 

11-4 

3-6 

8-5 

7-3 

34  hours. 

25 

33-3 

11-2 

35 

5-2 

2-8 

35  hours. 

21-2 

36 

4-8 

113 

6-3 

3-8 

36  hours. 

22 

32-2 

11-9 

12 

4-6 

31 

37  hours. 

24-6 

33 

5-7 

10-3 

3-8 

1-7 

38  hours. 

28-4 

314 

113 

31 

2-1 

•4 

39  hours. 

27-6 

30-5 

8-5 

20 

2 

•4 

40  hours. 

24 

33-3 

11-3 

•7 

1-5 

•2 

41  hours. 

27-9 

31-3 

9-5 

11 

1-4 

•2 

42  hours. 

26 

30-6 

6-9 

•5 

•7 

•2 

43  hours. 

27 

36 

5-8 

1-4 

1-5 

•2 

44  hours. 

24-8 

31-9 

13-6 

1-4 

1-7 

•9 

45  hours. 

27 

36 

5-6 

1-2 

1-6 

•2 

46  hours. 

24 

36-4 

4-8 

1-2 

2-3 

•2 

47  hours. 

24-6 

36 

3-9 

1 

2 

•2 

48  hours. 

23 

361 

6-9 

1-9 

2-4 

2 

49  hours. 

25 

343 

7-5 

3-6 

2 

50  hours. 

27-6 

36 

3-3 

1-4 

trace 

51  hours. 

22-4 

30-4 

101 
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We  observe  in  the  above  tabic  the  same  kind  of  reaction  as 
was  noticed  in  the  calcination  of  the  ore — a  sudden  evolution  of 
sulphur^  and  then  a  gradual  absorption  continuing  for  several 
hours.  The  change  of  sulphates  into  sulphurcts,  and  again  into 
sulphates,  &c.,  is  also  worthy  of  remark;  and  this  action  takes 
place  to  a  certain  extent  even  in  the  lowest  bed.  The  peroxide  of 
iron  at  one  time  gives  off  a  portion  of  its  oxygen  and  is  con- 
verted into  the  magnetic  oxide,  as  we  have  often  ascertained ;  at 
other  times  it  takes  up  oxygen  and  is  converted  into  the  red 
oxide.  We  have  repeatedly  found  that,  in  the  samples  taken  out 
when  the  testing  showed  the  decomposition  of  the  sulphates  into 
sulphurets,  the  powder  was  full  of  granules,  which  when  broken 
had  a  vitreous  appearance,  and  a  yellow  bronze  coloui"  resem- 
bling rich  copper  pyrites. 

The  next  table  shows  the  changes  and  reactions  in  the  powder 
when  calcined  in  a  three-bed  calciner,  the  fire  entering  directly 
into  each  bed,  as  described  for  the  ore  at  page  462  of  the  last 
volume ;  so  that  the  fumes  from  the  one  bed  do  not  pass  over  the 
other,  in  order  to  avoid  the  sulphur  in  the  fumes  from  the  lower 
beds  being  absorbed  by  the  powder  in  the  upper  beds. 


Time. 

Copper. 

Iron. 

Insoluble. 

Sulphur. 

Sulphvuic 
acid. 

Sulphate  ol 
copper. 

Sulphate  of 
iron. 

Put  in. 

236 

40-4 

2-6 

304    • 

31 

1  hour. 

24 

41-2 

0-7 

337 

10 

2  hours. 

21-5 

39-8 

30 

30-1 

10 

.„... 

trace 

3  hours 

22 

42-8 

57 

150 

15-8 

4-2 

4  hours. 

26-4 

42 

2-6 

25- 1 

1 

trace 

trace 

5  hours. 

25  6 

38-6 

31 

27 

17 

11 

6  hours. 

23-6 

37-8 

3 

205 

7 

7  hours. 

22-5 

39-2 

2-8 

22 

4-3 

2-2 

8  hours. 

20 

37-S 

3-8 

25  0 

17 

trace 

9  liours. 

24 

40-6 

2-6 

26 

17 

10  hours. 

232 

36-9 

2-9 

28-6 

•5 

1 1  hours. 

24 

39-2 

3 

27-6 

•8 

12  hours. 

22 

39-4 

3-5 

206 

120 

3-6 

4-6 

13  hours. 

21 

36-4 

2-8 

186 

7-6 

2-3 

2-8 

14  hours. 

23-4 

36-4 

Z-7 

225 

44 

•3 

28 

15  hours. 

24  4 

36-4 

3-4 

20-2 

87 

....„ 

45 

Ifi  liours. 

25 

39-2 

31 

24-2 

3-3 

17 

1 7  liours. 

24  6 

39-2 

2-3 

243 

51 

•2 

2  1 

18  hours. 

26-4 

38-6 

4-5 

207 

25 

•2 

1-4 

19  hours. 

25-6 

37-8 

31 

21 

87 

4-5 

20  liours. 

21 

39-2 

41 

21-4 

2-9 

7 

21  hours. 

24-4 

39-8 

3-9 

15  0 

3-3 

1-4 

22  hours. 

26-4 

37 

3-8 

13 

47 

"2" 

1 

23  hours. 

27-4 

39-8 

3-8 

87 

6-9 

32 

trace 

24  hours. 

25 

39-2 

5-6 

9 

47 

17 

trace 

25  hours. 

24-8 

40-6 

41 

18-5 

11 

trace 

2(5  hours. 

25 

39-8 

4 

9 

41 

"17 

trace 

27  hours. 

25-2 

37-8 

2-8 

17-8 

22 

•8 
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Table  {continued) . 


Time.' 

Copper. 

Iron. 

Insoluble. 

Sulphur. 

Sulphuric 
acid. 

Sulphate  of 
copper. 

Suliihate  of 
iron. 

2^  hours. 

264 

40-6 

4-1 

11-6 

1-5 

trace 

29  hours. 

27 

40-3 

3-9 

21 

7 

trace 

30  hours. 

24-8 

42 

4  5 

7-8 

2-5 

1      "\" 

trace 

31  hours. 

25-2 

43-4 

4-6 

5-5 

3 

1-3 

trace 

32  hours. 

26-4 

40-6 

47 

103 

2-9 

•5 

•5 

33  hours. 

26-4 

39-4 

4-4 

7-8 

25 

i       1-3 

trace 

34  hours. 

26-4 

40-6 

5 

10-2 

7-3 

3-3 

trace 

35  hours. 

26-8 

40-9 

4-4 

7-5 

10  5 

7 

•5 

36  hours. 

27 

40-6 

4 

106 

31 

12 

•5 

37  hours. 

26-8 

38-9 

43 

6 

3-6 

1-3 

trace 

38  hours. 

26 

40 

38 

2 

3-2 

7 

trace 

39  hours. 

26 

40-3 

3-8 

1-4 

4-3 

7 

trace 

40  hours. 

26 

39-2 

4 

11 

3-6 

2 

trace 

41  hours. 

25-5 

39-1 

42 

2 

6-2 

3-3 

42  hours. 

26 

40 

3-2 

58 

3-3 

.       1"5 

43  hours. 

25-6 

42 

39 

•2 

4 

!       1-3 

44  hours. 

28-8 

36-4 

107 

1-3 

2-9 

1 

45  hours. 

25-6 

39  5 

3 

•6 

2-5 

7 

46  hours. 

25-6 

37-2 

4-3 

5 

31 

1-2 

47  hours. 

24-4 

36-4 

57 

4-3 

2-5 

7 

48  hours. 

24 

37-6 

7 

6 

1-8 

•4 

49  hours. 

26-8 

39-5 

61 

4-4 

2 

•2 

In  this  series  of  analyses  the  same  reactions  are  exhibited,  but 
the  same  objection  applies  to  this  kind  of  furnace  when  used  for 
powder  as  for  ore — the  impracticability  of  regulating  the  heat  in 
each  bed  as  required.  If  it  be  increased  in  any  one  of  the  beds, 
the  heat  of  the  others  is  reduced  so  as  to  affect  the  process. 

If  we  look  at  the  results  as  the  powder  enters  each  bed,  there 
is  an  appearance  of  regularity.  In  going  into  the  second,  it  has 
lost  6  per  cent,  of  sulphur  in  the  first,  or  about  one-fifth ;  and  on 
entering  the  lowest  bed  it  has  parted  with  two-thirds  in  all,  or 
14  per  cent,  in  the  second  bed;  but  looking  at  the  actions  and 
reactions  hourly,  and  the  sudden  starts  the  evolution  of  sulphur 
occasionally  takes,  the  progress  of  the  calcination  is  much  slower 
than  it  ought  to  be,  and  would  be  were  there  sufficient  control 
over  the  heat. 

The  following  table  shows  the  results  of  experiments  made  in 
an  ordinary  one-bed  calcincr  as  described  for  ore,  and  as  univer- 
sally used  for  granulated  coarse  metal. 
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j 

Time. 

Copper. 

Iron. 

Insoluble. 

Sulphur 

Sulphuric 
acid. 

Sulphate  of 
copper. 

Sulphate  of 
u-on. 

Put  in. 

20 

39-2 

2-6 

28-9 

•8 

I  hour. 

21-2 

38-6 

2-7 

27-4 

1-6 

trace 

2  hours. 

22-8 

39-6 

2-8 

24 

1-6 

trace 

3  hours. 

20-2 

36-4 

2-7 

20-4 

1-4 

trace 

trace 

4  hours. 

23-6 

39-2 

2-8 

22-5 

•4 

trace 

5  hours. 

25-8 

37-8 

2-9 

16-7 

1-4 

6  hours. 

24  4 

40-6 

2-8 

17-5 

•7 

7  hours. 

26 

392 

2-6 

14-5 

1-7 

trace 

8  hours. 

24-6 

37-8 

2-8 

16-5 

1-4 

9  hours. 

25-2 

37-8 

4-5 

12-2 

1-4 

trace 

10  hours. 

27-6 

38-6 

4-3 

12-7 

1-9 

trace 

11  hours. 

25-2 

38-8 

5-4 

10-7 

1-4 

trace 

12  hours. 

25  2 

37-5 

5-2 

10-3 

1 

13  hours. 

25 

36-4 

90 

8 

21 

trace 

14  hours. 

26-8 

37-8 

6-5 

10 

1-4 

trace 

15  hours. 

24-6 

33-6 

13-9 

8-6 

1-5 

•3 

16  hours. 

24-8 

36-7 

7-7 

7 

2-4 

trace 

1 7  hours. 

25 

291 

12-9 

4-5 

2-5 

•3 

18  hours. 

22 

38-5 

4-7 

5-1 

21 

•4 

trace 

19  hours. 

264 

38-6 

6-9 

5-5 

1-7 

•4 

trace 

20  hours. 

268 

37 

9-5 

4 

2-4 

1-0 

trace 

21  hours. 

25-4 

36-8 

6 

2-3 

31 

•4 

trace 

22  hours. 

24-G 

40-6 

4-2 

4-4 

1-7 

trace 

23  hoiu-s. 

24 

39-6 

5-2 

•8 

21 

trace 

24  hours. 

24 

42 

3-8 

1-5 

21 

trace 

25  hours. 

23-8 

39-4 

11-3 

1-8 

2-4 

trace 

26  hours. 

24-2 

36-4 

6-3 

•5 

2-7 

trace 

' 

27  hours. 

24-6 

37-8 

8-6 

1 

trace 

The  following  is  the  result  of  another  experiment  made  in  a 
similar  furnace,  the  amount  of  sulphur  alone  being  ascertained, 
including  that  in  the  sulphates  wliich  were  formed. 


i 

a 
I 

"1 

i 

.a 

"1 
.a 

4 

"j 

£ 

.a 

2   3 
O 

.a 

"1 

o 

.a 

Sulphur.. 

30-6  30-2  29-5 

25-7 

21-4 

21-3 

17-9 

19-9 

21-8 

20-3  20-4  192 

11-4 

.1 

"■  o 

"^  o 

■"■  o 

^  3 

2 

00    g 

.a 

4 

.a 

Si 

.a 

to  b 

J3 

Sulphur .. 

211  10-5 

10-5 

9-2 

3-5 

5-9 

3-4 

6-2 

41 

4-7 

3-8 

1-7 

Tliese  results  speak  for  themselves.  Although  the  actions 
and  reactions  in  the  last  trials  seem  still  to  partake  of  that  inter- 
mitting character,  they  are  not  so  great,  owing  to  the  air  being 
less  loaded  with  sulphur,  and  more  speedily  removed.  Less  sul- 
phates are  also  formed,  which  when  present  retard  calcination. 
In  sixteen  hours  with  the  three-bed  furnace  there  was  only  a  loss 
of  one-fifth  of  the  suljjhurj  in  the  above  e.xperimcuts  two-thirds 
were  evolved  in  the  same  time. 
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In  all  these  experiments  the  powder  was  moist  when  put  into 
the  furnace,  which  greatly  facilitated  the  formation  of  sulphuric 
acid.  A  furnace  was  constructed  with  a  close  chamber  on  the 
top,  in  which  the  powder  was  dried  previous  to  being  let  into 
the  calcining  chamber.  The  first  trial  made  was  with  regulus 
crushed  into  powder;  it  contained  when  lowered  into  the  calci- 
ning bed  16"5  per  cent,  of  sulphiu'.  Samples  were  taken  out 
every  four  hours  and  tested  for  sulphur  and  sulphuric  acid,  with 
the  following  results  : — 


4  hours. 

8  hours. 

12  hours. 

16  hours. 

20  hours. 

24  hours. 

16-5 

126 

3-6 

3-8 

5-5 

4-2 

3-5 

There  was  no  sulphuric  acid  formed.  It  will  be  observed  that 
eight  hours  were  as  effective  as  the  twenty-four  hours.  We  have 
often  met  with  similar  results,  no  doubt  arising  fi'om  the  want 
of  a  proper  heat  and  a  regular  current  of  air.  The  next  trial 
was  with  powder  made  as  described,  in  the  water-tanks;  it  con- 
tained when  dry  22'6  per  cent,  of  sulphur.  Samples  taken  out 
every  four  hours  and  tested  for  sulphuric  acid  and  sulphur  gave — 


4 
hours. 

8 
hours. 

12 
hours. 

16 
hours. 

20 
hours. 

24 
hours. 

28 
hours. 

Suli)hiir    

226 
1-4 

142 
1-5 

5-4 
2-4 

50 
2-4 

2-0 
21 

1-3 
17 

1-8 
•3 

trace 
•2 

Sulphuric  acid... 

Here  we  observe  a  regular  evolution  of  sulphur;  and  the 
results  of  many  trials  besides  those  now  given,  have  shown  that, 
when  the  calcination  was  done  with  care,  twenty  hours  were  often 
as  effective  as  the  twenty-eight  in  the  above  table. 

We  are  now  in  a  condition  to  offer  a  few  remarks  upon  the 
nature  of  the  action  going  on  during  calcination.  When  the 
powder  is  put  into  the  furnace  moist,  there  is  little  change  in 
the  first  and  second  hour  but  the  evaporation  of  water,  after 
which  sulphur  is  rapidly  disengaged,  mostly  in  an  uncombined 
state.  The  flame  or  current  from  the  fire  travels  circuit- 
ously  wdthin  the  hearth,  carrying  in  its  course  the  sulphurous 
vapours,  which  are  deposited  as  it  passes  over  cooler  portions  of 
the  bed,  and  sulphates  of  iron  and  copper  are  there  formed ;  hence 
the  slowness  and  irregularity  of  the  evolution  of  sulphur.  Samples 
taken  from  different  parts  of  the  hearth  previous  to  stirring,  have 
often  given  a  difierence  of  more  than  double  the  amount  of 
sulphur. 
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Sulphurous  acid  in  a  dry  atmosphere  is  not  converted  into 
sulphuric  acid  by  taking  more  oxygen  from  the  air ;  but  when 
moisture  is  present,  small  quantities  are  formed ;  and  in  the  pre- 
sence of  peroxide  of  iron  the  formation  of  sulphuric  acid  is  rapid ; 
hence  at  the  early  part  of  the  calcination  sulphates  are  abundant. 
The  peroxide  of  iron  is  converted  into  the  magnetic  oxide,  the  acid 
combining  with  a  portion  of  the  protoxide  of  iron,  and  the  quan- 
tity of  sulphate  of  iron  is  always  large  before  the  heat  of  the 
fm-nace  becomes  high,  and  often  before  any  sulphate  of  copper 
exists.  When  sulphate  of  iron  is  decomposed  by  the  intensity 
of  the  heat,  there  is  always  a  simultaneous  formation  of  sulphate 
of  copper,  probably  from  a  mei'e  transfer  of  the  acid,  the  iron 
being  converted  into  the  state  of  peroxide.  When  the  heat  of 
the  furnace  is  too  high  for  the  existence  of  sulphate  of  iron,  and 
no  moisture  present,  we  nevertheless  think  that  the  oxygen  of 
the  peroxide  of  iron  converts  the  sulphurous  acid  into  sul- 
phuric acid,  which  simultaneously  combines  with  the  oxide  of 
copper. 

These  experiments  point  to  the  conclusion,  that  to  obtain  rapid 
and  complete  calcination,  the  stuff  must  be  in  powder,  and  sub- 
jected to  a  free  current  of  air  with  a  regular  and  increasing  heat, 
and  that  it  might  be  effected  in  not  more  than  five  or  six  hours. 
Various  plans  have  been  proposed  to  effect  such  a  rapid  calcina- 
tion, such  as  a  jet  of  steam  blown  over  the  surface  of  the  matters 
calcining,  and  a  current  of  hot  air  blo\vn  over  the  chamber  by  a 
blast,  &c. ;  all  have  their  merits  as  to  the  principle  required, 
but  there  are  practical  considerations  that  have  to  be  borne  in 
mind  in  these  applications.  AVhether  calcining  ore,  coarse  metal 
or  powder,  a  quantity  of  the  stuff  is  in  the  state  of  fine  dust, 
which  even  under  the  mildest  draft  is  carried  away  into  the  flue 
or  culvert,  which  must  be  avoided  as  much  as  possible.  Every 
attempt  to  increase  the  draft,  either  by  more  open  fires,  air-holes 
or  blast,  is  followed  by  a  greater  loss  of  calcining  matters.  We 
have  seen  an  increased  draft  lessen  the  time  of  calcination  to 
one  half,  but  the  increase  in  the  loss  of  stuffwas  more  than  com- 
pensated for  the  saving  of  time ;  so  that  improved  di-afts  and 
steam-jets  or  blast  must  be  kept  within  certain  limits,  or  accom- 
panied with  some  invention  to  prevent  escape  of  light  particles, 
which  we  believe  within  reach  of  practice. 

The  following  are  analyses  of  stuff  obtained  from  flues  and 
culverts  leading  from  the  calcining  furnaces. 

The  first  is  from  the  culvert  leading  from  a  coarse  metal  cal- 
ciner  :  sample  taken  about  20  feet  from  the  furnace.  The  sub- 
stance was  in  the  state  of  powder. 
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Insoluble  in  acids 
Peroxide  of  iron 
Oxide  of  copper 
Sulphur    . 
Sulphuric  acid     . 
Lime     .... 
ArseuiC;  tin,  antimony,  &c 

'99-7 

Matter  taken  from  the  flue  of  a  calciner  used  for  powder  close 
to  the  furnace  before  it  entered  the  culvert,  and  where  the  de- 
posit was  greatest ;  this  was  in  the  form  of  a  powder,  and  having 
been  exposed  had  absorbed  moisture. 

Insoluble  in  acid      .     .     .  4*0 

Oxide  of  copper        .     .     .  24"5 

Protoxide  of  iron      .     .     .  22*5 

Sulphuric  acid     ....  32*6 

Soda 2-3 

Lime *3 

Water 13-0 

Antimony  and  arsenic  .     .  '6 

99-8 

Some  of  the  copper  and  iron  were  as  sulphates.  The  next  is 
from  the  culvert  leading  from  the  same  powder  calciner  as  the 
flue  from  which  the  samples  last  taken  led  from ;  taken  about 
28  feet  from  the  furnace. 


Insoluble  in  acids     .     . 

,     42-8 

Peroxide  of  iron       .     . 

18-4 

Oxide  of  copper  .     . 

3-7 

Sulphuric  acid     .     .     . 

7-5 

Soda 

8-0 

Lime 

1-6 

Antimony  and  arsenic  . 

13-6 

Water 

3-9 

99-5 

The  difference  between  this  and  that  deposited  in  the  flue  of 
the  same  furnace  is  worthy  of  remark.  In  the  former  there  is 
much  sulphate  of  copper  and  iron,  and  but  little  of  the  more 
volatile  matters ;  while  in  this  last,  taken  at  a  greater  distance 
from  the  furnace,  where  the  heat  is  less,  the  more  volatile  mat- 
ters are  in  greater  quantity. 

[To  be  continued.] 
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XXIX.  Mathematics  and  Mathematicians.     The  Journals  of  the 
late  Reuben  Burrow.  By  T.  T.  Wilkinson,  Esq.,  F.R.A.S.* 

No.  1. 

OF  all  the  non-academic  geometers  of  the  last  half-century 
none  appears  to  have  been  more  distinguished  than  Mr. 
Reuben  Burrow.  His  name  to  mathematicians  of  the  English 
school  is  almost  as  a  household  word ;  and  as  a  geometer  he  may 
be  said,  without  exaggeration,  to  have  equalled  any  of  his  con- 
temporaries, Dr.  Stewart  himself  not  excepted.  His  early  history 
is  involved  in  much  obscurity ;  nor  had  his  career  through  life 
and  his  premature  death  been  noticed  beyond  the  immediate 
circle  of  his  friends  previously  to  the  appearance  of  a  posthumous 
"  Memoir  "  of  "  that  distinguished,  elegant  Geometer,  and  able 
Mathematician,  Reuben  Burrow,^^  by  his  admirer  the  late  J.  H. 
Swale,  in  the  Mechanics^  Magazine  for  October  1850.  From 
this  short  sketch,  which  was  no  doubt  originally  prepared  for 
Leybouru's  Mathematical  Repository,  it  appears  that  JNIr.  Bur- 
row was  born  on  the  30th  of  December  1 747,  at  Hoberley  near 
Shadwell,  a  village  about  five  miles  north-east  of  Leeds  in  York- 
shire. His  principal  tutor  in  mathematics  was  Mr.  Crooks, 
master  of  a  commercial  and  mathematical  school  at  Leeds,  but 
in  after  life  Mr.  Burrow  removed  to  Portsmouth  and  opened  a 
school  on  his  own  account.  Subsccjueutly  we  find  him  at  Green- 
wich as  Assistant  Astronomer  to  Dr.  Maskelyne,  and  in  1774  he 
was  associated  with  him  in  Perthshire,  instituting  a  series  of  ob- 
servations and  making  surveys  on  the  mountain  Schiehallien,  in 
order  to  determine  its  attraction.  He  was  afterwards  appointed 
to  the  office  of  "  Teacher  of  Mathematics  at  the  Drawing  Room 
in  the  Tower;"  but  in  1782,  at  the  instance  of  Colonel  Henry 
Watson,  he  relinquished  all  his  engagements  in  this  country  and 
went  to  India,  where  he  died  at  Buxor  on  the  7th  of  June  1793, 
in  the  45th  year  of  his  age. 

His  connexion  with  "  Thomas  Carnan,  in  St.  PauPs  Church 
Yard,  who  dis])ossessed  the  Stationers'  Company  of  the  exclusive 
privilege  of  printing  Almanacks,  which  they  had  unjustly  mono- 
polised for  170  years,"  and  the  contents  of  his  papers  in  the 
noted  Lady's  and  Gentleman's  Diary,  published  by  them  in 
opposition  to  the  supposed  rights  of  the  Stationers'  Company, 
have  already  been  noticed  at  considerable  length  in  the  Mecha- 
nics' Magazine,  vol.  li. ;  nor  need  we  stay  to  enumerate  his 
Essays  on  Friction,  the  Hindoo  knowledge  of  the  Binomial 
Theorem,  &c.,  in  the  early  volumes  of  the  Asiatic  Researches, 
since  most  of  these  have  subsequently  been  transferred  to  the 
*  Comraimicated  b)-  the  Author. 
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pages  of  our  mathematical  periodicals;  and  are  well  known  to 
mathematicians  as  being  the  best  dissertations  on  their  respective 
subjects  at  that  time  extant.  Among  his  separate  publications, 
the  Restoration  of  the  Treatise  of  ApoUonius  on  Inclinations  is 
acknowledged  to  be  a  most  elegant  and  able  work^  and  furnishes 
a  remarkable  contrast  to  the  attempt  of  Dr.  Horsley  on  the  same 
subject;  whilst  his  Theory  of  Projectiles  in  the  same  tract  is  no 
less  distinguished  for  elegance  and  originalitj'.  It  does  not 
appear,  however,  that  his  superiority  in  geometry  in  any  way 
enabled  liim  to  subdue  his  natural  irritability,  for  at  various 
periods  of  his  career  he  had  differences  with  almost  every  person 
of  eminence  with  whom  he  came  in  contact.  He  was  one  of 
those  "  irhose  special  education  icas  in  advance  of  his  general ; "  and 
hence,  as  Mr.  Sv.ale  remarks,  although  "his  heart  was  good,  his 
habits  had  been  formed  by  casualty  and  the  necessity  of  the 
moment  rather  than  by  design  and  the  prudent  hand  of  a  master." 
His  antipathy  to  Dr.  Hutton  makes  its  appearance  in  vai'ious 
portions  of  his  journals,  and  also  in  his  Diary ; — he  differed  in 
opinion  from  Dr.  Maskelyne  respecting  the  mode  of  conducting 
the  observations  at  Schiehallicn,  and  left  his  service  about  the 
close  of  the  survey;  and  a  curious  chapter  of  his  correspondence 
with  the  Board  of  Ordnance  and  the  Duke  of  Richmond  respect- 
ing additional  pay  for  "  making  a  survey  of  the  Essex  and  Sussex 
coasts  in  the  year  1777,"  maybe  seen  by  a  reference  to  pp.  324- 
329,  vol.  Iv.  of  the  Mechanics^  Magazine. 

Since  the  preparation  of  that  paper  by  "  Senex,"  several  of 
Mr.  Burrow^s  private  journals  have  fallen  into  my  possession. 
They  contain  many  curious  entries  relative  to  his  outfit,  passage, 
and  residence  in  India,  with  occasionally  a  slight  sketch  of  some 
mathematician  or  mathematical  inquiry ;  and  as  there  can  scarcely 
exist  a  doubt  respecting  their  authenticity  and  general  correct- 
ness, I  have  thought  it  would  not  be  uninteresting  to  the  lovers  of 
mathematical  history  if  a  portion  of  the  most  important  of  these 
were  selected  for  presenation  in  the  pages  of  this  Magazine, 
accompanied  by  such  remarks  as  may  serve  to  render  the  extracts 
intelligible. 

The  first  journal  is  endorsed  "Reuben  Burrow,  No.  11,  New 
Square  in  the  Minories,  London,  1775,"  and  commences  on 
Saturday,  August  5,  with  a  reference  to  a  former  volume,  which, 
however,  is  not  now  known  to  exist. 

"  Sunday,  August  6,  1775.  I  heard  tv.o  or  three  days  ago 
that  Heath  had  been  at  lav/  about  an  estate  of  £50  per  annum 

and   had    got    it Lloyd   told    me   that   Mr.  Benjamin 

Robins  was  a  middle-sized  man  very  much  marked  with  the 
small-pox." 

Most  prol.^ably  the  person  here  alluded  to  was  the  so-called 
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Captaiu  Heath,  for  some  time  editor  of  the  Ladies'  Diarj'^  for  the 
Stationers'  Company,  and  subsequently  of  the  Palladium  on  his 
oy^-w  responsibility.  His  opposition  to  Simpson,  Rollinson  and 
Turner  (afterwards  editors  of  the  Diary,  the  Mathematician,  and 
the  Mathematical  Exercises,  and  who  at  times  corrected  his 
errors),  was  inveterate ;  nor  was  his  violent  language  towards 
them  at  all  justifiable  under  any  circumstances.  Its  grossness 
ultimately  led  to  his  dismissal  from  the  editorship  of  the  Diary, 
which  was  immediately  conferred  upon  Simpson.  Mr.  Emerson 
is  said  to  have  assisted  Heath  in  his  attacks  upon  these  able 
mathematicians,  in  consecpience  of  some  loose  expressions  which 
one  of  them  was  reported  to  have  uttered  respecting  Emerson's 
attainments  in  geometry.  Mr.  Robins  is  well  known  as  the 
author  of  many  able  works  on  Gunnery,  Eluxions,  Fortification, 
&c.,  which  formed  the  principal  text-books  on  those  subjects  for 
a  long  period.  He  was  a  candidate  on  two  occasions  for  a  Pro- 
fessorship at  the  Royal  Military  Academy  at  Woolwich ;  "  but 
the  interest,"  says  Dr.  Hutton,  "  which  Mr.  Muller  had  with 
the  Board  of  Ordnance  carried  the  election  in  his  own  favour. 
On  this  disappointment,  ]\Ir.  Robins,  indignant  at  the  affront, 
determined  to  show  them,  and  the  world,  by  his  military  publi- 
cations, what  sort  of  man  he  was  that  they  had  rejected."  His 
personal  appearance  does  not  seem  to  have  been  hitherto  de- 
scribed. 

"  ^Monday,  August  7th.  I  called  upon  jMr.  Robertson,  and 
he  told  me  that  the  Stationers'  Company  had  allowed  Hutton 
j£lOO  a  year  on  condition  of  his  not  making  any  x\lmanacks  for 
any  persons  except  themselves.  Hutton,  by  the  bye,  does  not 
know  how  to  make  an  Almanack. 

"  I  gave  ]\lr.  Keech,  or  rather  he  took,  a  copy  of  the  Times  of 
High  AVater  at  London  Bridge. 

"  Mr.  Brown,  at  the  Tower,  had  Jive  Tables  this  day,  which  I 
had  calculated  for  his  Book  on  Gunnery. 

"  Put  these  in  the  Diary. 

"  L   Some  Theorems  on  ^laxima  and  Minima. 

'^2.  Method  of  finding  the  Time  and  Azinmth. 

"3.  Method  of  placing  Sector  in  the  Meridian. 

"4.  Lalande's  Table  of  the  Solar  System. 

"  5.  To  find  the  length  of  a  Parabolic  Arc." 

The  Mr.  Robertson  here  noticed  was  John  Robertson,  F.R.S., 
author  of  a  Complete  Treatise  of  ^Mensuration,  Elements  of  Navi- 
gation, &c.  He  was  successively  ]Mastcr  of  the  Royal  !Mathe- 
matical  School  in  Christ's  Hosj)ital,  and  Clerk  and  Librarian  to 
the  Royal  Society.  jMr.  Jose]jh  Keech  was  a  clerk  and  attorney 
in  the  Lord  JNfayor's  Court  Office ;  and  from  some  original  cor- 
respondence between  himself  and  the  Revs.  John  Lawson  and 
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William  Crakeltj  now  in  my  possession^  I  gather  that  he  was 
the  editor  of  the  mathematical  department  of  the  London  Maga- 
zine, a  periodical  of  considerable  repute  towards  the  close  of  the 
last  century.  His  papers  in  the  Mathematical  Miscellany,  the 
Geometrical  Delights,  &c.,  prove  him  to  have  been  a  mathema- 
tician and  astronomer  of  no  mean  abilities.  Mr.  Hugh  Brown  was 
the  translator  of  Euler's  edition  of  Robins's  Gunnerj^,  which, 
with  the  assistance  of  Mr.  Burrow,  as  is  now  evident,  he  improved 
considerably.  Tlie  publication  of  the  first  number  of  Carnan^s 
Lady^s  and  Gentleman^s  Diary  was  now  determined  upon ;  but 
of  the  articles  named  in  the  memorandum,  only  the  second, 
third,  and  fifth  were  inserted.  The  places  of  the  others  were 
supplied  by  some  valuable  geometrical  discussions,  which  are  the 
more  remarkable  on  account  of  their  systematic  character.  Mr. 
Burrow  in  this  respect  set  the  example  of  attempting  the  classi- 
fication of  geometrical  inquiries,  which  it  would  have  been  well 
to  have  followed  out  more  fully  than  has  been  done  in  most  of 
our  mathematical  periodicals. 

"  Tuesday,  August  8.  I  called  this  morning  on  Major  Wat- 
son and  asked  him  about  getting  into  the  South  Sea  House,  but 
he  had  no  acquaintance  with  any  of  the  Directors.  I  told  him 
about  the  Stationers'  Company  having  allowed  Hutton  £100  a 
year,  and  he  said  he  would  call  on  Mr.  Hett  to  inform  him  that 
he  had  heard  of  a  new  publication  which  he  thought  would  inter- 
fere with  their  Diary : — this  he  intended  as  a  trial  whether  they 
would  think  it  worth  their  tvhile  to  stop  my  mouth  as  ivell  as  Hut- 
ton's,  and  in  the  same  manner.  I  met  poor  John  Clarke,  of 
Lincoln,  who  gave  me  an  enigma.  He  had  given  in  a  plan  to 
Lord  North  of  making  a  settlement  in  some  part  of  South 
America,  near  the  river  Amazon,  on  some  country  unclaimed  by 
any  European  power ;  but  he  -had  got  nothing  for  it,  and  was 
almost  starving ;  he  had  not  even  a  shilling  in  the  world.  I  told 
his  case  to  Major  Watson  in  order  to  interest  him  in  it  if  I  could, 
but  he  did  not  seem  to  take  the  notice  of  it  I  could  have  wished ; 
he  said,  however,  he  should  be  glad  to  see  his  plan  of  the  Ame- 
rican affair." 

Major,  afterwards  Colonel  Watson,  of  the  Royal  Engineers, 
was  a  pupil  of  the  celebrated  Thomas  Simpson,  and  became  pos- 
sessed of  all  his  papers  after  his  decease.  He  appears  to  have 
been  the  steady  friend  of  Mr.  Burrow,  whom  he  employed  in 
measuring  an  arc  of  the  meridian  in  India,  an  account  of  which 
was  drawn  up  by  Professor  Dalby  of  the  Royal  Military  College. 
The  intended  hint  to  the  Stationers'  Company  is  characteristic  of 
the  motives  which  led  to  the  destruction  of  their  lucrative  mono- 
poly, and  confirms  Mr.  Carnan's  stereotyped  announcement  on 
the  successive  title-pages  of  this  now  celebrated  almanac.     Mr, 
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Bun'ow,  it  seems,  would  have  had  no  objection  to  .£100  a  rjear 
from  the  Stationers'  Company  !  Poor  darkens  lot  has  been  too 
frequently  realized  by  unpatronized  students  :  his  enigma  occurs 
in  the  first  number  of  the  Diary,  and  he  continued  to  write 
"  from  Lincoln  "  during  the  whole  of  the  time  that  it  remained 
under  Mr.  Burrow's  management. 

"  Sunday,  Aug.  13.  Lent  ^Ir.  Keech,  Harris's  Arrangement 
and  Ghctaldus. 

"  Tuesday,  Aug.  22.  I  finished  two  very  difficult  Problems  in 
the  Maxima  and  Minima,  and  did  the  greatest  part  of  the  Pro- 
blem of  finding  the  length  of  a  Parabolic  Curve  generally  by  the 
Method  of  Equidistant  Ordinates ;  but  as  I  had  some  doubt 
about  the  truth  of  it,  I  gave  it  up,  intending  to  get  Major  Watson 
to  write  to  Landen  about  it,  or  else  to  write  myself  to  Mr.  Cra- 
kelt.  I  then  called  upon  Mr.  Robertson,  and  found  that  Francis 
Maseres,  Esq.  had  left  his  book  upon  the  Negative  Sign  there 
as  a  present  for  me.  I  had  a  good  deal  of  talk  with  Mr.  Robert- 
son, and  staid  supper.  He  told  me  that  Mr.  William  Jones 
wrote  that  History  of  Logarithms  prefixed  to  Dodson's  Tables  of 
the  Antilogarithmic  Canon,  and  that  Dodson  wrote  such  a  con- 
fused and  odd  style  that  there  was  neither  head  nor  tail  in  it. 
He  (Robertson)  drew  vip  the  examples  himself.  He  also  gave 
me  the  History  of  the  ]\lathematical  Repositoiy  as  follows. 
Mr.  Robertson  having  taught  General  Conway  mathematics,  who 
was  then  only  a  Colonel,  after  he  was  elected  ]\Iember  of  Parlia- 
ment he  called  on  ]\Ir.  Robertson,  and  told  him  that  since  his  place 
in  the  House  hindered  his  further  attendance  to  mathematical 
subjects  he  should  give  them  up,  but  at  the  same  time  shoidd 
be  glad  to  have  those  papers  which  he  had  learnt  copied  over. 
Mr.  Robertson  not  having  either  time  or  inclination  to  do  this 
himself,  applied  to  Mr.  Dodson,  who  again  employed  another 
person  to  copy  the  papers,  but  at  the  same  time  took  a  copy  for 
himself.  ]Mr.  Robertson  did  not  know  this  for  a  long  time, 
not  until  he  began  to  think  on  the  scheme  of  publishing  a 
Mathematical  Repository  himself,  the  first  volume  of  which  was 
to  contain  Algebraical  questions,  and  the  second  Geometrical. 
He  proposed  this  to  Dodson,  who  readily  accepted  the  oflfer  of 
joining  with  him,  and  afterwards  mentioned  the  plan  to  Mr. 
Jones,  who  was  opposed  to  the  project  on  account  of  the  proba- 
bility that  Robertson  would  publish  some  of  the  methods  which 
Jones  had  taught  him,  and  which  he  (Jones)  might  probably 
afterwards  jiublish  himself.  j\Ir.  Robertson  on  this  set  tlie  afl^air 
aside ;  but  Dodson  went  on  with  it,  and  the  greatest  part  of  the 
Questions  in  the  first  volume,  at  least  200  of  them,  were  copied 

from   Mr.    Robertson's  papers Dr.   Hooke  almost 

starved  himself  to  death.     Mr.  Jones  told  Mr.  Robertson  that 
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when  a  medical  man  of  ITooke's  acquaintance  accidentally  called, 
upon  him,  lie  fomid  him  absolutely  dying  of  want ;  and  on  his 
leaving  the  house  he  gave  an  old  woman  who  waited  upon  Hoolce 
some  money  to  buy  him  a  fowl  and  some  wine.  Hooke  happened 
to  see  him  do  it ;  and  when  the  gentleman  was  gone^  he  took 
the  money  from  the  woman  and  would  not  buy  anything 
with  it.'' 

]Mr.  James  Dodson  was  also  a  IMaster  of  the  Mathematical 
School  in  Christ's  Hospital,  and  published  his  Antilogarithmic 
Canon,  "a  work  unique  of  its  kind,"  in  1742; — the  INIathema- 
tical  Repositoiy  is  comprised  in  three  volumes,  which  were 
issued  in  1748,  1753,  and  1755  respectively.  The  first  volimie 
is  almost  wholly  composed  of  algebraical  questions,  most  of  which 
have  since  found  their  way  into  our  regular  treatises ;  the  volume 
of  Geometrical  Problems  was  abandoned,  owing  ])robably  to  the 
fact  that  Dodson  had  not  paid  much  attention  ro  the  geometrical 
analysis  of  the  ancients.  There  is  enough  of  originality  and 
ability,  however,  on  the  Doctrines  of  Series  and  Annuities  in 
the  second  and  third  vohmies,  to  maintain  his  character  as  an 
"ingenious  and  very  industrious  mathematician."  After  jNIr. 
Jones's  death  most  of  his  papers  fell  into  the  hands  of  Mr.  Ro- 
bertson, so  that  he  had,  no  doubt,  good  authority  for  his  state- 
ments respecting  the  History  of  Logarithms.  Dr.  Hooke's 
penurious  habits  have  been  noticed  by  Hutton ;  but  since  he  was 
some  years  in  a  "wasting  condition,"  owing  to  "increasing 
illness,"  his  repugnance  to  proper  diet  may  have  arisen  from  this 
cause  rather  than  from  a  desire  to  amass  wealth. 

"  August  24.  Mr.  Brown  had  most  of  his  Tables  home,  and 

he  paid  me  three  guineas  in  part I  called  at  the  Swan's 

Nest,  where  Keech,  Sanderson  and  myself  had  a  dispute  about 
my  questions  on  Maxima  and  i\Iinima. 

"August  25.  Mr.  Robertson  sent  for  me  to  ask  if  I  would 
undertake  to  calculate  an  Eclipse  mentioned  by  Herodotus, 
which  happened  about  the  time  of  the  Expedition  of  Xerxes  to 
Greece,  while  he  was  at  Sardis.  It  was  for  Dr.  Priestley,  but 
as  Mr.  Robertson  was  leaving  town  he  had  not  time  to  do  it,  so 
I  undertook  it.  Kepler  mentions  it  in  page  291  of  his  Astro- 
nomia  pars  Optica,  but  seems  dovibtful  whether  there  was  an 
Eclipse  or  not. 

"  Mr.  Robertson  told  me  that  as  Nourse  wanted  a  new  edition 
of  Simpson's  Fluxions,  he  would  recommend  me  to  correct  the 
proof  sheets.  Mem..  There  is  an  error  about  a  series  in  the 
second  volume  that  Mr.  Todd  has  corrected,  and  there  arc  also 
some  few  errors  mentioned  in  the  Miscellaneous  Tracts  to  be 
corrected.  Also,  if  Nourse  will  allow  any  notes  to  be  added, 
there  is  in  the  Loudon  IMagazine  a  few  general  Theorems  of 
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which  Simpson  has  only  given  particular  cases ; — these  are  done 
by  Mr.  George  Brown. 

"  August  26.  Read  about  Eclipses  in  the  following  works. 

"  On  Projection  in  Turner's  Exercises. 

"  Some  in  Lalande's  Abridgement. 

"  September  3.  I  did  a  couple  of  Questions  which  Avere  pro- 
posed by  a  Quaker,  who  had  requested  ^Ir.  Atkinson,  of  the 
Mayor's  Court  Office,  to  give  them  to  Mr.  Keech  and  myself. 

"  Question  1 . 

"  There  are  two  given  points  d  and  n,  and  dqn  is  a  string  of  a 
given  length  fastened  to  the  given  points  : — required  the  point  q 
where  a  weight  W  would  rest  suspended  from  the  cord. 

"  Construction. 


"  With  the  centre  d  and  di- 
stance rfB  =  the  length  of  the 
cord,  describe  the  arc  AB ;  draw 
the  horizontal  line  dp,  and  per- 
pendicular to  it  draw  nB  cutting 
the  arc  in  B : — ^join  Br/,  and 
make  the  <  ^nq  =  <  d^n ;  then 
nq  cuts  r/B  in  the  point  of  sus- 
pension required. 


"  Demonstration. 

"  Lemma.  If  the  weight  W  be  in  equilibrio,  it  does  not  sig- 
nify in  what  part  of  the  line  nq,  the  nail  that  fastens  tlie  cord, 
is  put ;  but  it  is  evident  that  when  the  nail  falls  in  the  hori- 
zontal line,  as  at  j),  then  din=:mp,  and  consequently  it  must 
always  be  so. 

"Now    qn  =  q^,    and    .".    <dqn  =  -<  qnB  +  <-q^n  =  2qn^, 

.'.  <  q7iB=  —  ^  dqn.     But  qm  is  parallel  to  nB,  and  .-.  <  jnqp 

=  qnB.      Vi'lience  <dq}n=<mqp,  and  consequently  f/w  =  wy>, 
agreeably  to  the  Lemma.  Q.  E.  I). 

"  Question  2. 

"  What  velocity  must  a  ball  suspended  by  a  string  have  given 
to  it  so  as  to  make  it  ascend  to  a  horizontal  position  ? 

"  Solution. 

"  Iluyghens  demonstrates  that  bodies  falling  from  the  same 
heights  acquire  the  same  velocities,  and  that  pendulous  bodies 
rise  to  the  same  heights  from  whicli  they  fall.     Hence  it  is  cvi- 
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dent  that  the  velocities  which  bodies  must  have  to  rise  to  any 
heights  iimst  be  the  same  that  the  bodies  would  acquire  by  fall- 
ing through  the  versed  sines  of  the  arcs  they  describe.  Conse- 
quently for  a  ball  suspended  by  a  string  to  rise  till  it  become 
horizontal,  it  must  have  a  velocity  at  its  lowest  point  equal  to 
what  it  would  acquire  by  falling  through  the  length  of  the 
string  of  suspension. 

"  September  4.  I  called  on  ]\Iajor  Watson,  who  was  just  going 
out  to  Sion  Hill  to  see  Mr.  Robinson,  Lord  North's  Secretary, 
and  he  asked  me  to  go  with  him ;  accordingly  we  went  together 
in  a  chaise,  but  he  was  not  at  home.  We  then  went  to  Sir 
Charles  Frederick's,  but  he  was  also  from  home.  We  then  went 
to  Pickett's  at  the  Foundiy  near  Blackfriars  Bridge,  and  to 
Dr.  Irwin's;  he  who  made  salt-water  fresh.  I  then  went  ^^'ith 
Major  Watson  home  and  dined  with  him.  After  sLx  o'clock  I 
came  to  Mr.  Todd's  in  Smithfield,  and  he  and  I  went  to  see 
Mr.  Wales ;  we  stayed  supper,  and  he  showed  us  the  weapons, 
&c.  from  Otaheite  and  New  Zealand. 

''  September  6.  I  called  on  Lord  Charles  Cavendish  in  the 
forenoon.  He  suspected  that  some  one  had  wished  to  deter  me 
from  making  calculations  for  him ;  so  after  some  conversation 
I  was  to  make  out  a  Table  of  Aberrations  for  him ;  to  finish 
the  first  Table  about  the  Nutation  and  to  calculate  one  month, 
%dz.  December  1769.  In  my  vray  home  I  called  on  Mr.  Robert- 
son, but  he  was  not  come  out  of  the  country,  so  I  left  the  result 
of  the  Eclipse  with  his  daughter  and  dined  there.  On  my 
way  home  I  met  jMr.  Atkinson  in  Fetter  Lane,  who  told  me  the 
Quaker  was  very  well  pleased  with  my  solutions  to  his  questions." 

Mr.  George  Sanderson  was  a  "tailor  in  Doctors  Commons," 
a  member  and  some  time  President  of  the  Mathematical  Society 
of  Spitalfields,  which  was  established  by  Mr.  Joseph  Middleton 
in  1717.  He  was  one  of  the  ablest  geometers  of  the  period,  and 
his  contributions  to  the  Diaries  and  the  London  Magazine  are 
both  numerous  and  important.  Whether  there  icas  an  eclipse 
at  the  time  mentioned  by  Herodotus  appears  to  be  still  undeter- 
mined. The  subject  has  been  considered  by  some  of  our  ablest 
astronomers,  but  their  results  are  not  conclusive.  I  have  not 
been  able  to  meet  \nth  Dr.  Priestley's  statements,  on  the  autho- 
rity of  Mr.  Burrow,  nor  is  the  nature  of  his  conclusions  anywhere 
stated  in  his  journals  : — an  interesting  summary  of  the  principal 
results  may  be  seen  under  the  article  'Alyattes '  in  the  first  volume 
of  the  Penny  Cyclopsedia.  Neither  the  Journals  nor  the  Diary 
contains  any  further  notice  of  the  new  edition  of  Simpson's 
Fluxions ;  hence  the  probability  is  that  Mr.  Robertson  was  either 
unsuccessful  in  his  a])plication  to  Nourse,  or  that  the  edition  was 
abandoned.      The  solutions  of  the  Quakei-'s  questions  appear 
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worthy  of  preservation,  inasmuch  as  the  first  is  of  some  import- 
ance at  the  present  time,  and  has  found  its  way  into  several  of 
our  best  treatises  :  a  sokition  agreeing  in  most  respects  with 
that  by  Mr.  JBuitow  is  given  by  Professor  Young  in  pp.  2i,  25 
of  his  useful  work  on  the  Elements  of  Mechanics.  Mr.  Thomas 
Todd  was  a  "commission  agent  in  West  Smithfield,"  whence  he 
occasionally  wrote  in  the  periodicals  under  the  signature  "  West- 
smithfieldiensis  :''•'  he  appears  to  have  delighted  in  a  public  dis- 
pute, and  is  principally  remarkable  for  his  protracted  and  some- 
what violent  controversies  respecting  the  principles  upon  which 
the  equation  of  payments  in  arithmetic  ought  to  be  based.  Mr. 
^Villiam  Wales  is  well  known  as  the  astronomer  who  accompanied 
Captain  Cook  in  his  second  and  third  voyages.  He  was  the 
author  of  several  works  on  general  literature,  and  also  published 
a  Restoration  of  ApoUonius  on  Determinate  Section  in  conjunc- 
tion with  his  friend  the  Rev.  John  Lawson.  An  interesting 
series  of  letters  which  passed  between  these  two  able  geometers, 
mostly  relating  to  the  Restoration  of  ApoUonius,  has  recently 
fallen  into  my  possession,  from  which  it  is  evident  that  Mr.  Wales 
was  not  inattentive  to  the  study  of  pure  geometry,  even  when 
engaged  in  making  observations  on  the  transit  of  Venus  on  the 
dreary  shores  of  Hudson's  Bay.  Mr.  Burrow  appears  to  have 
completed  Lord  Charles  Cavendish's  requirements  duiing  the 
following  month,  for  on  "October  17"  it  is  noted  that  he  "called 
on  Lord  Cavendish  and  am  to  carry  him  the  things  copied  out 
next  Tuesday  at  10  o'clock."  This  nobleman  was  the  father  of 
Heniy  Cavendish,  Esq.,  whose  name  is  so  intimately  connected 
with  chemistry  and  the  density  of  the  earth ;  but  it  is  not  pro- 
bably so  well  known  that  the  elder  Cavendish  interested  himself 
so  much  with  the  niceties  of  physical  astronomy, 

Burnley,  Lancashire, 
Januar)'  13,  1853. 

[To  be  continued.] 

XXX.   On  the  Temperatures  of  Conductors  of  Electrical  Currents. 
By  Richard  Adie,  Esq.,  Liverpool'^. 

IX  my  communication  in  the  January  Number  of  this  Jom-nal, 
I  took  occasion  to  show  that  galvanic  currents  had  the 
power  of  rearranging  the  temperatures  of  the  conductors  after 
the  cessation  of  the  currents  had  allowed  the  temperatures  to 
become  equalized.  I  have  now  to  return  to  the  subject,  to 
prove  that  the  time  required  for  an  electrical  current  to  alter 
the  temperature  of  a  joint  is  shorter  than  if  the  same  joint  is 
left  to  change  by  radiation  only.  I  have  also  to  offer  evidence 
*  Communicated  by  the  Author. 
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of  the  influence  of  tlie  temperature  of  the  dilute  acid  solution 
used  to  excite  the  battery,  over  the  temperature  of  the  joint. 

To  save  reference  to  the  diagram  of  the  thermo-electric  couple 
used  in  the  former  experiments  I  repeat  it  here. 

AB  a  bar  of  antimony. 

DB  a  bar  of  bismuth 
soldered  to  the  antimony 
at  B. 

C  a  thermometer-bulb 
applied  to  a  cavity  in  the 
point  of  the  bismuth  bar 
and  enveloped  in  a  thin 
covering  of  cotton  wool. 
A  Smee^s  battery  excited 
by  a  very  weak  acid  solu- 
tion was  used  to  send  gal- 
vanic electricity  through 
the  joint ;  and  in  order 
to  get  three  uniform  experiments  where  the  temperature  of  the 
joint  was  raised  in  each  case  in  like  manner,  the  galvanic  current 
was  made  to  pass  in  the  direction  ABD,  where  it  had  to  enter 
the  bismuth  at  the  joint  and  thus  heat  it.  In  from  6^  to  7 
minutes  the  thermometer  CE  rose  4°.  The  question  for  trial 
was  the  time  the  thermometer  took  to  fall  4°  when  a  cur- 
rent was  passed  through  the  joint  in  the  direction  to  bring  it 
down,  and  when  left  to  cool  of  itself. 

1st  experiment.  With  the  galvanic  current  re- 
versed after  heating,  and  passed  in  the 
direction  DBA,  where  it  escaped  from  the 
bismuth  at  the  joint ;  the  time  occupied  in 
cooling  4°  was 6|  minutes. 

2nd  experiment.  With  no  galvanic  current  cir- 
culating, but  with  the  wet  plates  of  the 
battery  in  metallic  contact  with  the  couple 
DBA ;  the  time  occupied  in  cooling  4°  was     12 

3rd  experiment.  The  couple  DBA  disconnected 
from  the  wet  plates  ;  the  time  occupied  in 
cooling  4°  was 20 

These  results  clearly  show  the  power  of  an  electrical  current 
for  arranging  temperatures ;  but  they  only  relate  to  one  joint 
at  B,  while  the  coviple  ABD,  when  connected  with  a  Smee^s  bat- 
tery, has  five  principal  joints,  besides  minor  ones  in  the  copper, 
silver,  zinc,  and  brass  used  in  the  construction  of  the  battery. 
The  chief  joints  are  at  A,  B,  D,  and  in  the  acid  solution  where 
in  contact  with  the  silver  and  zinc  plates  :  there  can  be  no  doubt 
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that  the  galvanic  current  has  at  each  of  those  joints  a  fixed  tem- 
perature to  sustain^  the  same  as  it  has  been  found  to  have  at  B, 
and  consequently  the  temperature  of  the  different  parts  of  the 
circuit  must  act  and  react  on  one  another, — a  point  which  I 
now  sought  to  determine  by  experiment,  for  I  could  see  that  by 
means  of  a  cold  acid  solution  a  joint  might  be  kept  for  some 
time  below  the  temperature  of  the  atmosphere,  and  that  if  I 
could  get  a  freezing  mixture  to  form  a  battery,  a  joint  might  be 
greatly  cooled  by  the  electricity  derived  from  its  action ;  in 
other  words,  that  galvanic  batteries  could  furnish  electrical  cur- 
rents at  different  normal  temperatures. 

In  order  to  ascertain  the  effect  of  the  temperature  of  the  aci- 
dulated water  on  that  of  the  joint,  I  made  three  experiments : 
the  first  with  the  solution,  the  apparatus,  and  atmosphere  all  of 
one  temperature ;  the  second  with  the  solution  colder  than  the 
atmosphere  and  apparatus ;  the  third  with  the  temperature  of 
the  solution  above  that  of  the  air.  The  acid  solution  recpiired 
being  very  weak,  in  order  to  improve  its  conducting  power,  it  was 
nearly  saturated  with  sulphate  of  zinc ;  and  its  volume  was  large 
in  order  that  the  temperature  might  not  change  too  rapidly. 

\st  Experiment. 
Temperature  of  atmosphere,  solution  and  joint,  at  the 

commencement  of  the  circulation  of  the        ^ 

current 46 

after  15  minutes*  action  of  solution    .     .  47 

joint     .     .     .  45'8 

atmosphere    .  46 

30  ...  solution     .     .  48 

joint     ...  46 

...    GO  ...  solution     .     .  50 

joint     .     .     .  46-2 

...  110  ...  solution     .     .  51 

joint     .     .     .  46-2 

2nd  Experiment. 

Temperature  of  apparatus  and  atmosphere  at  the  com- 
mencement of  tlie  experiment        .     .     .     45 

of  dilute  acid  solution 38 

of  joint  after  the  current  had  circulated 

1 5  minutes  in  the  direction  DBA  .     .     43"8 

3/y/  Experiment. 

Temperature  of  apparatus  and  atmosphere  at  the  com- 
mencement of  the  experiment  ....  46 

...         of  dilute  acid  solution 55 

of  joint  after  15  minutes' action    .     .     .  46-2 
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In  the  second  experiment,  ^Yllel•e  the  joint  was  cooled  1°'3 
below  the  temperature  of  the  atmosphere  by  the  electricity  fur- 
nished by  the  action  of  a  cold  acid  solution,  on  the  interruption 
of  the  current  the  temperature  of  the  joint  rose  to  46°,  or  one 
degree  above  that  of  the  atmosphere.  The  second  and  third 
experiments  I  repeated  many  times  in  order  to  satisfy  myself  of 
their  accuracy.  In  these  experiments  there  is  no  effect  on  the 
temperature  of  the  joint  which  may  not  be  accounted  for  by  the 
requirements  of  the  battery  for  caloric,  and  the  power  which  an 
electrical  current  possesses  of  arranging  temperatures  in  a  con- 
ductor composed  of  various  materials.  In  the  second  experiment 
it  may  be  held  that  the  cold  water  at  38°  would,  without  the  aid 
of  any  galvanic  current,  reduce  the  temperature  of  the  apparatus 
below  that  of  the  atmosphere  :  this  is  an  effect  distinct  from  the 
one  noted ;  for  in  the  experiment  in  question  there  are  portions 
of  the  metallic  circuit  intervening  between  the  joint  B  and  the 
cold  solution  which  are  above  the  temperature  of  the  atmosphere ; 
for  example,  where  the  electricity  enters  the  bismuth,  the  tem- 
perature for  a  current  of  this  kind  is  4°  higher  than  where  it 
quits  it  at  B,  or  2^*8  above  the  temperature  of  the  atmosphere. 

The  normal  temperature  of  the  galvanic  electricity  derived 
from  the  action  of  a  battery  is  a  point  which  the  heat  of  the  solu- 
tion and  atmosphere  cannot  altogether  govern ;  for  there  are 
the  chemical  actions  absorbing  and  evolving  caloric,  which  must 
also  have  their  influence.  In  the  Smee's  battery  I  think  it 
extremely  probable  that  the  electricity  comes  from  it  at  a  tem- 
perature lower  than  that  of  the  apparatus  or  atmosphere  when 
these  are  uniform,  as  in  the  first  experiment. 

The  following  repetitions  of  the  second  experiment  show  that 
a  cold  water  cell  did  not  reduce  the  temperature  like  a  cold  acid 
solution. 

Acid  and 
Piu'C  water,    water. 
o  o 

Temperature  of  apparatus  and  atmosphere     .     45         45 

solutions 38         38 

joint  after  15  minutes'  action     44*8      43 

The  small  reduction  in  the  temperature  of  the  joint  in  the 
pure  water  experiment  is  most  probably  due  to  the  current  given 
by  the  water.  I  would  have  preferred  the  experiment  without 
this  cm-rent,  but  to  do  so  I  must  have  destroyed  a  part  of  the 
metallic  contact  of  the  plates  in  the  cold  water  with  the  joint. 
The  difference,  however,  between  the  two  experiments  of  l°-8  is 
an  ample  proof  of  the  galvanic  current  from  a  cold  solution 
reducing  the  temperature  of  the  joint,  independently  of  the  effect 
of  conduction  from  the  joint  to  the  water. 
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On  reflecting  on  the  results  of  the  experiments  I  have  now 
submitted  to  your  readers  in  connexion  with  this  subject^  the 
view  I  take  of  the  supposed  law  of  production  of  cold  by  elec- 
tricity is,  that  it  arises  in  the  action  of  a  batteiy  where  the  heat 
developed  by  resistance  to  conduction  is  at  its  minimum ;  so 
that  the  caloric  wanted  for  the  chemicnl  actions  going  on  is  exhibited 
in  the  joint  through  the  power  of  a  galvanic  current  of  bringing  to 
a  state  of  equilibrium  the  temperatures  in  its  circuit.  In  Sraee^s 
battery  zinc  is  passing  from  a  solid  to  a  fluid  state,  and  one  of 
the  elements  of  water  is  assuming  a  gaseous  form. 


XXXI.   On  Systems  in  ichich  Right  and  Left-handed  Oscillations 
are  not  executed  alike.     By  M.  A.  Bravais*. 

THE  remarkable  rotation  of  the  plane  of  oscillation  of  a  pen- 
dulum observed  by  M.  Foucault  presents  a  similitude 
with  the  rotation  of  the  plane  of  polai-ization  of  a  homogeneous 
luminous  ray,  passing  along  the  axis  of  a  crystal  of  quartz,  which 
appears  to  me  to  be  worthy  of  the  attention  of  physicists.  The 
rotative  phsenomenon  of  quartz  has  hitherto  had  no  analogue 
among  determinate  natural  motions  ;  but  in  the  beautiful  expe- 
riment of  Foucault  such  an  analogue  has  been  discovered. 

The  only  difference  is,  that  in  quartz,  according  to  the  theory 
of  undulation,  every  molecule  of  aether  situate  in  the  axis  of  the 
ray  imparts  to  the  next  following  molecule  its  o\va  motion  in 
the  direction  of  propagation,  and  returns  to  a  state  of  rest,  until 
a  fresh  shock  sets  it  again  in  motion ;  while  in  the  case  of  a 
pendulum  the  oscillating  mass  moves  isolated  and  as  a  whole, 
without  imparting  its  motion  to  neighbouring  particles. 

I  propose  examining  the  case  where  the  oscillation  is  circular. 
Fresnel  has  shown  that  a  circular  vibration  may  be  regarded  as 
the  equivalent  of  two  plane  vibrations  of  the  same  amplitude, 
but  whose  phases  are  90°  diff"creut.  Starting  from  this,  he  has 
proved  that  if  the  planes  of  the  two  component  vibrations  rotate 
with  a  certain  common  velocity,  the  propagation  of  the  coitc- 
sponding  circular  motion  will  be  altered,  plus  or  minus,  according 
as  the  rotation  is  right-  or  left-handed.  From  this  he  concluded 
that  these  two  kinds  of  vibration  cannot  propagate  themselves 
\rith  the  same  velocity, — a  result  which  he  confirmed  by  direct 
experiment. 

The  same  conclusion  being  applied  to  the  lineal  and  very 
small  vibrations  of  a  ])cnduluin,  wc  observe  that  when  the  motion 
is  circular,  as  in  the  case  of  the  conical  pendulum,  the  duration 
of  a  vibration  cannot  be  the  same  when  the  motion  is  in  the 

*  Comptes  Rendus,  vol.  xxxii.  p.  U>6. 
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same  direction  as  the  rotation  of  the  plane  in  \ylaicli  the  lineal 
vibrations  are  executed,  tliat  is  from  east  to  west,  as  when  these 
directions  are  opposed  to  each  other.  In  the  former  case  the 
duration  is  shortened,  in  the  latter  case  augmented.  To  the 
circular  oscillation  of  a  pendulum  it  is  therefore  necessary  to 
apply  a  correction,  the  sign  of  which  depends  upon  the  sense  in 
which  the  vibration  is  executed. 

AYe  arrive  at  tlie  same  result  when  we  discuss  a  priori  the 
effect  of  the  rotatory  motion  of  the  earth  upon  the  duration  of 
the  circular  oscillation  of  a  pendulum. 

If  t  denote  the  duration  of  a  comjAete  lineal  vibration  of  a 
pendulum  (two  seconds  in  the  case  of  a  seconds'  pendulum),  and 
T  the  duration  of  a  sidereal  day,  then  the  angle  of  rotation  of 

the  earth  during  the  time  t,  at  the  poles,  is  27r  ™,  and  in  the 

.    .  t    . 

latitude  X  it  is  27r  ^^  sin  X. 

If  the  same  pendulum  describes  a  circle,  the  apparent  rotation 
during  the  time  /,  when  the  direction  of  rotation  is  from  east  to 
west,  is 

273-+ 277  pj^  sin  X, 
and  when  the  direction  is  from  west  to  east, 
27r— 27r  ™sinX. 

The  change  of  the  angle  by  the  rotation  of  the  earth  during 
the  time  T  amounts  therefore  to  +  27r  sin  X.  The  difference  of 
phase  between  the  two  motions  left  and  right,  after  twenty-four 
hours  sidereal  time,  is  therefore  equal  to  the  product  of  two 
complete  oscillations  into  the  sine  of  the  latitude.  From  this  it 
follows,  that  the  conical  seconds'  pendulum,  when  it  rotates  from 
east  to  west  at  Paris,  moves  about  three  seconds  quicker  than 
when  the  rotation  is  from  west  to  east,  a  quantity  which  far  ex- 
ceeds that  which  astronomers  would  think  of  neglecting. 

This  difference  would  be  still  greater  in  the  case  of  long  pen- 
dulums. With  the  pendulum  of  11  metres  suspended  by  M. 
Foucault  in  the  Paris  observatory,  it  would  amount  to  at  least 
ten  seconds  daily. 

It  is  conceivable  that  this  inequality  might  be  proved  in  a 
direct  manner,  if  two  isochronous  pendulums  were  set  swinging 
simultaneously  in  opposite  directions,  so  that  their  coincidences 
on  one  and  the  same  diameter  might  be  observed ;  for  the  rota- 
tion of  this  diameter  must  be  the  same  as  that  of  the  plane  of 
oscillation  of  a  pendulum  vibrating  in  a  plane. 

The  oscillations  being  always  assumed  as  very  small,  what 
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lias  been  said  above  regarding  circular  oscillations  may  be  ap- 
plied to  elliptical  oncs^  and  the  resistance  of  the  air  may  be 
neglected ;  but  in  practice  it  might  be  necessary  to  take  both 
this  and  the  amplitude  of  the  vibrations  into  account. 

After  the  foregoing  remarks,  it  is  to  be  hoped  that  the  ability 
possessed  by  certain  substances,  particularly  those  operated  on 
by  electro-magnetism,  to  cause  the  plane  of  polarization  to  rotate, 
and  to  transmit  the  right-  and  left-handed  fether  vibrations  with 
unequal  velocities,  will  find  a  more  complete  explanation. 


XXXII.  On  IMr.  Cayley's  Tmpi^omptu  Demonstration  of  the  Rule 
for  determining  at  sight  the  Degree  of  any  symmetrical  Func- 
tion uf  the  Roots  of  an  Equation  expressed  in  terms  of  the 
Coefficients.     By  J.  J.  Sylvester,  F.R.S.* 

FOR  a  considerable  time  past,  among  the  few  cultivators  of 
the  higher  algebra,  a  proposition  relative  to  the  thcoiy  of 
the  symmetrical  functions  of  the  roots  of  an  equation  has  been 
in  private  circulation,  which,  to  say  nothing  of  the  important 
applications  of  which  it  has  been  found  susceptible  to  the  calculus 
of  forms,  merits  (by  reason  of  its  extreme  simplicity),  although, 
strange  to  say,  it  has,  I  believe,  not  yet  obtained,  a  place  in 
elcmentaiy  treatises  on  algebra.  The  proposition  alluded  to  I 
have  reason  to  think  first  came  to  be  observed  in  connexion  with 
my  well-known  fornnilre  for  Sturm's  auxiliary  functions  in  terms 
of  the  roots  given  in  this  IMagazinc.  The  theorem  is  briefly  as 
follows.     If  a,  h,  c,  &c.  be  the  roots  of  an  equation 

x"A-px^"~^-\-p^  .a-"-2-|-&c.  =  0, 
any  symmetric  function  such  as  Sa" .  b^  .c^  .  .  . ,  where  a,  /S,  7  . . . 
are  positive  integers  arranged  according  to  the  order  of  their 
magnitudes  in  a  descending  (or,  to  speak  more  strictly,  non- 
ascending)  order,  when  expressed  as  a  function  of  the  coefficients, 
will  be  made  up  of  terms  of  the  form  p'\^-p?,-j'>^^  •  •  ■P^'',  such 
that  ^1  +  ^2  +  ^3+  •  •  •  +^A-  ^vill  be  equal  to  (a)  for  some  terms, 
but  will  for  no  term  exceed  (a) ;  a  being,  as  above  described, 
that  one  of  the  indices  a,  /3,  7  . . .  which  is  not  less  than  any  of 
the  others 

I  had  ])reparcd,  and  indeed  despatched,  a  somewhat  elaborate 
proof  of  this  theorem  for  the  Cambridge  and  Dublin  !I\Iathcma- 
tical  Journal;  but  on  proceeding  to  explain  my  method  to  IMr. 
Cayley,  elicited  from  that  sagacious  analyst  the  following  excel- 
lent improm])tu,  which  I  think  too  valuable  to  be  lost ;  and  as 
it  is  now  a  twehemonth  or  two  since  our  conversation  on  the 

*  Cominunicatcil  bv  the  Author. 
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subject  took  place,  and  the  author  lias  not  cared  to  put  it  on 
record,  I  feel  myself  under  an  obligation  so  to  do,  the  more  so 
as  it  entirely  supersedes  the  comparatively  inelegant  demonstra- 
tion of  my  own  which  I  had  previously  intended  to  publish. 

The  method  rests  essentially  on  the  following  well-known 
theorem  given  by  Euler  relative  to  the  partition  of  numbers ;  to 
wit,  that  the  number  of  ways  of  breaking  up  a  number  n  into 
parts  is  the  same,  whether  we  impose  the  condition  that  the 
number  of  parts  in  any  partitionment  shall  not  exceed  (m),  or 
that  the  magnitude  of  any  one  of  the  parts  shall  not  exceed  (m). 
Of  this  rule  more  hereafter — for  the  present  to  its  application  to 
the  matter  in  hand. 

Since  a,  b,  c .  .  .  are  the  roots  of  x^-\-p-^x^''~'^  +  .  . . ,  we  have 

p^  =  a  +  h  +  c-\-  ... 
Po  =  ab  +  ac  +  bc+  .  .  . 
]j^=abc  +  abd+acd+  .  .  . 


Let  a+^  +  y+  . . .  =n,  none  of  the  quantities  a,  /3,  7  .  .  . 
being  greater  than  m,  but  a,  /S,  7  .  .  .  being  otherwise  arbitrary 
and  capable  of  becoming  equal  to  any  extent  inter  se.  Also 
let  \  +  /jb  +  v+  ...  =n,  the  number  of  quantities  \,  fi,  v,  &c. 
being  never  greater  than  (m),  but  the  quantities  themselves  being 
otherwise  arbitrary,  and  being  capable  of  becoming  equal  to  any 
extent  inter  se.  By  Eulcr's  rule  the  number  of  systems 
a,  /3,  7  ...  is  the  same  as  of  the  systems  X,  /u,,  v,  .  . , ,  say  P  for 
each.  For  any  system  \,  fM,  v  .  .  . ,  we  shall  have  p^  -p^  -Pv  ••• , 
by  virtue  of  the  equations  above  written,  expressible  as  the  sum 
of  terms  of  the  form  2a"  .b^  .c^ .  .  . ;  it  may  easily  be  made 
ostensible,  that  all  the  combinations  of  a,  /8,  7 . . .  subject  to  the 
above  prescribed  conditions  must  come  into  evidence  by  giving 
X,  fjb,  V...  all  the  variations  of  which  they  admit;  but  this  is  also 
immediately  obvious  indirectl}'  from  the  consideration,  that  were  it 
otherwise,  linear  relations  would  subsist  between  the  different  values 
^^ P\  -Pu  -Pv  '  •  • }  '^^'hich  is  obviously  absurd.  Hence,  then,  we 
shall  be  able  to  express  the  P  quantities  of  the  form  px  .pu  •  -  • 
by  means  of  linear  functions  of  the  P  quantities  Xa"  .b^  .c^  ...; 
and  conversely,  by  solving  the  linear  equations  thus  arising,  the 
P  quantities  2«"  .  b^  .c^ .  .  .  may  be  expressed  in  terms  of  the 
quantities  px  -Pu  •  •  •  j  consequently  Sa"*.  b^  .c^  .  .  .  ,  where  {m) 
is  greater  or  not  less  than  any  of  the  quantities  ^,y  .  .  . ,  will  be 
expressible  by  means  of  combinations  Px'Pu-  •  • )  where  the  num- 
ber of  coefficients  px  .  pu  .  •  .  (any  number  of  which  may  become 
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identical)  is  for  some  of  the  combinations  as  great  as,  but  for 
none  of  the  combinations  greater  than  {m),  as  was  to  be  proved. 
It  will  of  course  be  seen  that,  for  the  purposes  of  the  demonstra- 
tion above  given,  it  would  have  been  sufficient  to  have  been 
able  to  assume  that  the  number  of  partitions,  when  the  greatest 
part  is  not  allowed  to  exceed  {m),  is  not  greater  than  the  number 
of  partitions  when  the  number  of  parts  in  any  one  partitionment 
does  not  exceed  (m).  The  equality  of  these  two  numbers  would 
then  evince  itself  in  the  course  of  the  demonstration  as  a  conse- 
quence of  this  assumption. 

A  word  now  as  to  Euler's  beautiful  law  upon  which  the 
above  demonstration  is  based. 

A  corollary  from  it,  obtained  by  subtracting  the  equation 
which  it  gives  when  the  limiting  number  is  taken  {m  —  \)  from 
the  equation  which  it  gives  when  the  limiting  number  is  (;h), 
will  be  the  following  proposition.  The  number  of  modes  of  par- 
titioning ill)  into  (/«)  parts  is  equal  to  the  number  of  modes  of 
partitioning  (n)  into  parts,  one  of  which  is  always  m,  and  the 
others  (//*)  or  less  than  [m).  This  proposition  was  mentioned  to 
me  by  Mr.  N.  M.  Ferrers*,  whose  demonstration  of  it  (probably 
not  different  from  that  of  Euler's  for  the  other  proposition,  of 
which  it  may  be  viewed  as  a  corollary)  is  so  simple  and  instruct- 
ive, that  I  am  sure  every  logician  will  be  delighted  to  meet  with 
it  here  or  elsewhere.  It  affords  a  most  admirable  example  of 
that  rather  uncommon  kind  of  reasoning  whereby  two  abstract 
integers  are  proved  to  be  equal  indirectly,  by  showing  that  neither 
can  be  greater  than  the  other. 

If  there  be  a  group  of  A's  and  a  group  of  B's,  and  every  (A) 
can  be  shown  to  produce  a  (B),  and  every  (B)  can  be  shown  to 
produce  an  (A),  no  matter  whether  the  (A)  producing  a  Bis  the 
same  as,  or  different  from,  the  A  produced  by  that  15,  it  is  obvious 
that  the  number  of  A^s  cannot  exceed  that  of  the  B's,  nor  of  the 
B^s  that  of  the  A^s,  and  the  two  numbers  will  therefore  be  equal. 

Take  any  such  grouping  as  3,  3,  2,  1,  say  A.  This  may  be 
wi'ittcn  as 

I,     1,     1 
1,     1,     I 

and  by  reading  off  the  columns  as  lines,  may  be  transformed  into 

*  I  learn  from  Mr.  Ferrers  that  this  theorem  was  brought  imder  his 
cognizance  through  a  Cambridge  examination  paper  set  by  Mr.  Adams  of 
Neptune  notability. 
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the  group 

1,     1,     1,     1 
1,     1,     I 

h     1 
i.  e.  4,  3,  2,  say  B. 

In  A  the  number  of  parts  is  4.  In  B  the  greatest  part  is  4; 
the  others  might  be  (although  they  happen  not  in  this  particular 
instance  to  be)  4,  but  cannot  be  greater  than  4.  And  so  every 
A  in  which  the  number  of  parts  is  4  will  give  rise  to  a  B  in 
which  4  is  one  of  the  parts^  and  every  other  part  is  4  or  less, 
and  evidently  (although,  as  above  remarked,  this  is  immaterial  to 
the  demonstration)  eveiy  such  B  gives  reciprocally  the  same  A 
from  which  it  is  itself  derived ;  hence  the  number  of  A^s  and  B^s 
is  equal.  This  is  the  theorem  which,  for  the  sake  of  distinction, 
I  have  called  the  Corollary  to  Euler's.  Euler's  own  is  proved  by 
the  same  diagram ;  for  if  we  define  A  as  a  grouping  where  the 
number  of  parts  does  not  exceed  4,  we  get  a  definition  of  B  as  a 
grouping  where  the  greatest  part  does  not  exceed  4,  and  so  in 
general.  We  see  that  this  theorem  may  be  varied  also  by  affirm- 
ing that  the  number  of  ways  in  which  n  may  be  broken  up,  so 
that  there  shall  never  be  less  than  (?«)  parts,  is  the  same  as  the 
number  of  ways  in  which  it  may  be  broken  up  into  parts,  the 
greatest  of  which  in  any  one  way  is  not  less  than  {m).  So,  again, 
a  similar  diagram  makes  it  apparent,  that  if  we  break  up  each  of 
i  numbers  into  parts  so  that  the  sum  of  the  greatest  parts  shall 
not  exceed  (or  be  less  than)  m,  the  number  of  ways  in  which  this 
can  be  done  will  be  the  same  as  the  number  of  ways  in  which 
these  i  numbers  can  be  simultaneously  partitioned  so  that  the 
total  number  of  parts  in  any  simultaneous  partitionment  shall 
never  exceed  (or  never  be  less  than)  in  ;  and  doubtless  an  exten- 
sive range  of  analogous  general  theorems  relative  to  the  parti- 
tioning of  numbers  may  be  struck  out  by  aid  of  the  same  dia- 
gram, by  no  means  easily  demonstrable  unless  this  simple  mode 
of  conversion  happen  to  be  thought  of,  but  in  that  event  becoming 
intuitively  apparent.  This  mode  of  conversion  is  precisely  that 
(only  applied  to  a  more  general  state  of  things)  whereby,  in  ele- 
mentary arithmetic,  it  is  established  that  (m)  times  (w)  is  the 
same  as  (n)  times  (m) .  A  consideration  of  the  process  by  which 
the  mind  satisfies  itself  of  the  universality  of  this  law,  has  been 
always  sufficient  to  convince  me  of  the  absurdity  of  ascribing  to 
an  inductive  process  the  capacity  of  the  human  mind  for  forming 
general  ideas  concerning  necessary  relations. 

7  New  Square,  Lincoln's  Inn, 
Januaiy  28,  1853. 
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XXXIII.   On  some  anomalous  cases  of  Electrical  Decomposition. 
By  W.  R.  Grove,  F.R.S.  ,^c* 

WOLLxlSTON  showed,  in  a  well-known  experimentf,  that 
when  Franklinic  electricity  from  the  prime  conductor 
of  an  ordinarj'  electrical  machine  was  made  to  pass  from  fine 
points  of  gold  wire  sealed  into  glass  tubes  and  immersed  in 
water,  both  positive  and  negative  pole  gave  mixed  oxyhydrogen 
gas,  the  exact  proportions  of  which  are  not  given.  This  expe- 
riment has  been  subsequently  discussed  by  Ritchie  J,  Faraday  §, 
and  others,  but  differing  as  the  decomposition  in  this  case  does 
from  electrolysis  by  the  voltaic  battery,  I  am  not  aware  that  it 
has  been  repeated  on  a  large  scale,  or  that  anything  more  than 
a  mere  verification  of  the  fact  has  been  attempted. 

The  apparatus  constructed  by  M.  Ruhmkorff,  which  I  have 
described  in  a  paper  in  the  Philosophical  Magazine  for  December 
last,  p.  500,  having  given  me  the  means  of  procuring  electricity 
of  tension  in  quantity  far  exceeding  that  of  the  best  electrical 
machine,  and  having  my  attention  directed  to  Wollaston's  expe- 
riment by  the  wires  sealed  in  glass  tubes  which  I  used  for  my 
recent  experiments,  I  determined  to  make  some  experiments 
similar  to  Wollaston's,  but  with  the  spark  from  the  secondary 
coil  instead  of  that  from  the  electrical  machine.  I  select  the 
following  from  amongst  many  experiments  made  with  this  ap- 
paratus. 

The  terminals  of  the  secondary  coil  consisted  of  two  wires  of 
platinum  yt'o^Ii  of  an  inch  in  diameter  sealed  into  glass  tubes. 
One  of  these  coated  wires  was  prepared  on  purpose  for  these  ex- 
periments ;  and  having  been  carefully  sealed  into  a  glass  tube, 
the  extremity  was  ground  on  a  hone  until  the  section  of  wire 
formed  one  surface  with  the  glass. 

The  other  coated  wire  had  been  similarly  prepared,  but  had 
been  used  for  some  time  for  the  experiments  in  attenuated  gases, 
given  in  the  paper  to  which  I  have  alluded ;  and  the  extremity 
of  the  wire  was  worn  beneath  the  surface  of  the  glass,  a  circum- 
stance which  proved  of  some  little  importance  ||. 

The  tubes  containing  the  platinum  wires  were  curved  in  form 

*  Comimmicnted  by  the  Author. 

t  Phil.  Trims.  I8OI,  p.  431.     X  i^id.  1832,p.282.     §  Ibid.  18.'«, p.  23. 

II  This  result  is  ini})ortant  in  another  point  of  view  than  that  relating  to 
the  experiments  in  this  paper,  viz.  it  shows  the  transmission  of  mutter  iu 
electrical  discharges,  and  that  even  in  the  aurora  borealis  experiment,  or 
passage  of  the  spark  in  highly  rarefied  gas.  solid  matter,  even  such  as  the 
dense  substance  platinum,  is  given  off;  thus  favouring  the  theory  that  the 
spark  is  ignited  matter,  and  rendering  the  hypothesis  of  a  fluid  uunecessary 
for  its  explanation. 
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something  resembling  the  letter  Z  (see  fig.  1),  the  extremities 
immersed  in  a  porcelain  capsule  containing  the  liqnid  to  be  ex- 
perimented on,  a  graduated  test-tube  filled  with  the  hquid  being 
inverted  on  the  extremity  of  each. 

Fi-.  1. 


From  the  Z  form  of  the  terminals  the  extremities  projected 
;|ths  of  an  inch  into  the  test-tubes,  so  that  no  gas  could  possibly 
escape.  At  first  I  tried  distilled  water,  which  had  been  boiled 
immediately  before  the  experiment  to  deprive  it  of  air;  I 
found,  however,  that  from  its  want  of  conducting  power,  only  an 
infinitesimal  decomposition  was  produced ;  a  few  drops  of  sul- 
phuric acid  were  added,  and  inunediately  a  notable  evolution  of 
gas  took  place,  a  spark  being  visible  at  the  end  of  the  wire, 
which  was  worn  beneath  the  surface  of  the  glass  whether  this 
were  positive  or  negative,  and  none  on  that  which  was  even  with 
the  glass.  This  spark  had  a  material  influence  on  the  relative 
quantity  of  gas  given  off  by  each  terminal,  the  gas  being  always 
less  from  the  spark-giving  terminal  than  from  that  which  did 
not  yield  a  spark  ;  and  when  both  were  constructed  so  as  to  give 
sparks,  the  quantities  of  gas  were  irregular,  and  bore  no  definite 
relation  to  each  other.  Thus  in  one  experiment  the  gas  from 
the  negative  was  to  that  from  the  positive  as  2'3  :  1 ;  in  another 
experiment  the  gas  from  the  positive  was  to  that  from  the  nega- 
tive as  2'5  :  1 ;  frequently  the  quantities  from  each  were  nearly 
equal.  It  is  obvious  that  when  the  wire  was  depressed  below 
the  surface  of  the  glass,  a  film  of  gas  must  intervene  between 
the  wire  and  the  liquid,  across  which  film  the  spark  passes. 
"When  the  wire  is  even  with  the  glass,  the  gas  escapes  more 
readily,  and  there  are  fewer  or  no  sparks. 

There  is  no  doubt  that  as  the  babble  of  gas  forms  on  the  point 
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of  platinum,  the  spark  recombines  a  portion  of  it,  and  the  num- 
ber of  sparks,  the  size  of  the  bul)ble  preceding  the  spark,  and 
the  quantity  recombined,  would  vary  indefinitely  in  each  different 
experiment,  and  even  in  the  course  of  the  same  experiment. 

I  now  give  a  selection  of  experiments  from  my  note-book  with 
the  volumes  and  analyses  of  the  gases  evolved.  The  decompo- 
sition was  arrested  in  each  case  when  the  larger  volume  of  gas 
had  reached  to  0'3  c.  i.  The  analyses  were  made  by  an  eudio- 
meter, which  I  have  formerly  described*,  consisting  of  a  loop  of 
line  platinum  wire  sealed  into  a  graduated  glass  tube,  and  heated 
or  ignited  by  the  voltaic  battery  : — 

1st.  The  gas  from  the  positive  pole  contracted  to  0*1  of  its 
original  volume ;  the  residue,  mixed  with  half  its  volume  of  oxy- 
gen, detonated,  leaving  a  minute  residue,  apjiarently  nitrogen. 
The  gas  from  negative  pole,  2'3  times  the  volume  of  the  positive 
contracted  to  O'Lo  of  its  volume :  the  residue  contracted  very 
slightly  on  the  addition  of  hydrogen. 

2nd.  Gas  from  positive,  2'5  volumes  contracted  to  0*7  of  its 
volume. 

From  negative,  1  volume  contracted  to  0"4;  the  residues 
mixed  contracted  again  to  0*7;  and  this  residue,  mixed  with 
half  its  volume  of  oxygen,  detonated,  leaving  only  a  very  minute 
bubble. 

3rd.  Instead  of  two  coated  wires,  one  coated  wire  was  em- 
ployed, and  the  opposite  terminal  consisted  of  a  strip  of  platinum 
foil,  \  inch  width  and  1  inches  length,  exposing  consequently, 
reckoning  both  sides,  2  square  inches  of  surface. 

This  strip  was  attached  to  a  platinum  wire,  which  was  sealed 
into  a  glass  tube,  the  extremity  of  the  platinum  foil  being  ^  an 
inch  from  the  orifice  of  the  tube,  so  that  no  gas  could  escape. 
(See  fig.  2.) 

Fij;.  2. 


*  Phil.  Mag.  Aug.  1841.     Phil.  Trans.  1847,  \>.  !• 
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With  the  coated  point  positive,  the  platinum  plate  negative, 
0"3  c.  i.  of  gas  was  collected  from  the  point ;  a  minute  bubble 
only  appeared  in  the  tube  containing  the  strip  or  plate ;  the  gas 
contracted  in  the  eudiometer  to  0*7  of  its  volume  ;  the  residue, 
mixed  with  half  its  volume  of  oxygen,  detonated,  leaving  a  very 
small  residuum. 

4th.  The  converse  experiment,  i.  e.  coated  wire  negative,  plate 
positive,  0*3  c.  i.  of  gas  was  collected  from  the  negative  coated 
wire,  and,  as  in  the  former  case,  only  a  minute  bubble  appeared 
in  the  tube  containing  the  plate,  and  far  too  minute  for  analysis ; 
the  gas  from  the  negative  point  contracted  to  half  its  volume  in 
the  eudiometer ;  the  residue  was  hydrogen  as  before. 

5th.  In  the  above  experiments  I  had  used  from  2  to  3  oz.  of 
distilled  water,  with  a  few  drops  of  sulphuric  acid  added  to  im- 
prove its  conducting  power,  without  paying  any  particular  atten- 
tion to  the  exact  quantity  of  acid  which  was  mixed. 

I  now  determined  to  try  different  degrees  of  dilution  of  the 
acid,  and  to  note  more  accurately  its  proportion  to  the  water.  I 
first  took  the  extreme  case  of  dilution,  using  3  oz.  of  distilled 
water,  and  merely  touching  it  by  a  narrow  glass  rod  which  had 
been  dipped  into  sulphuric  acid. 

The  coated  wire  was  the  positive  pole,  the  plate  of  platinum 
foil  the  negative;  0*3  c.  i.  was  collected  from  the  coated  wire, 
and  not  a  trace  of  gas  was  perceptible  in  the  tube  containing  the 
plate.  The  gas  contracted  to  one-half  its  volume  in  the  eudio- 
meter, and  the  residue,  mixed  with  one-half  its  volume  of  oxy- 
gen, contracted  to  0-3  of  its  original  volume ;  the  residue  of  this 
second  contraction  appeared  to  be  nitrogen,  and  its  greater  quan- 
tity in  this  than  in  the  previous  experiment  was  doubtless  due 
to  the  greater  time  which,  from  the  inferior  conducting  power  of 
the  solution,  was  necessary  for  the  decomposition,  more  air  hanng 
thus  entered  into  solution.  In  this  experiment  the  liquid  was 
exposed  for  twenty-four  hours,  during  ten  of  which  the  discharges 
were  kept  up,  while  in  the  pi'evious  experiment  less  than  an  hour 
was  sufficient,  and  the  water  had  not  cooled  from  its  preliminary 
boiling  before  the  experiment  was  completed. 

6th.  I  next  tried  a  strong  solution  of  sulphuric  acid,  spec, 
grav.  1"23;  the  gas  from  the  coated  point,  which  was  positive, 
contracted  to  0*2  of  its  volume;  the  residue  was  hydrogen. 

7th.  I  used  a  still  stronger  solution,  spec.  grav.  1"45,  both 
points  being  coated ;  the  volume  from  the  negative  pole  was  to 
that  from  the  positive  as  4*5  to  3'25  ;  the  gas  from  the  negative 
pole  contracted  in  the  eudiometer  to  only  0*95  of  its  volume ; 
the  residue  was  pure  oxygen  ;  the  gas  from  the  positive  pole 
contracted  to  0-5 ;  the  residue  was  hydrogen.  Here,  to  my 
surprise,  there  was,  after  the  first  contraction,  a  residuum  of 
oxygen  in  the  ratio  of  more  than  2  volumes  to  1  of  the  residuum 
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of  hydrogen.  The  experiment  was  repeated  with  acid  of  spec, 
grav.  l*o;  from  the  positive  point  3-3  vokimes  were  collected, 
from  the  negative  2*6  ;  the  gas  from  the  negative  pole  contracted 
to  09  of  its  volume ;  the  residuum  was  pure  oxygen ;  that  from 
the  positive  contracted  to  0'4  of  its  volume,  the  residue  being 
hydrogen. 

8th.  I  now  tried  a  saturated  solution  of  sulphate  of  copper 
with  a  few  drops  of  sulphuric  acid  added ;  a  remarkable  differ- 
ence was  shown  in  the  conducting  power  of  this  solution  as 
compared  with  the  dilute  acid;  the  contact  breaker  of  the  pri- 
mary coil  gave  very  minute  sparks,  unattended  with  the  usual 
snapping  noise ;  it  was  much  as  if  the  terminals  of  the  secondary 
coil  had  been  united  by  a  metallic  connexion ;  and  the  supe- 
riority of  the  conducting  power  of  the  solution  of  sulphate  of 
copper  in  this  experiment  over  dilute  sulphuric  acid  was  far 
greater  than  is  shown  in  ordinary  electrolysis  by  the  voltaic 
battery.  The  coated  point  was  positive,  the  plate  negative ;  the 
gas  from  the  positive  point  detonated,  leaving  a  very  slight 
residue;  but  on  the  interior  of  the  collecting  tube,  near  the 
point,  was  a  deposit  of  pulverulent  metallic  copper.  On  the 
negative  plate  there  was  no  deposit,  and  no  gas  was  given  off 
from  it.  Here  the  copper  deposit  was  evidently  a  reduction  oc- 
casioned by  the  excess  of  hydrogen,  but  there  was  no  symptom 
of  any  effect  pi'oduced  by  any  equivalent  to  it  of  oxygen. 

9th.  With  a  solution  of  caustic  potash  the  coated  point,  which 
was  positive,  gave  a  gas  which  contracted  to  0*32  of  its  volume, 
the  residue  being  hydrogen ;  the  plate,  which  was  negative,  gave 
off  a  mere  trace  of  gas. 

10th.  Two  plates  were  used  as  the  terminals  of  the  secondary 
coil  in  dilute  sulphuric  acid,  instead  of  a  plate  and  a  point.  No 
gas  was  given  oft"  from  either,  though  the  experiment  was  con- 
tinued for  several  hours. 

1 1th.  I  could  detect  no  difference  in  the  solutions  employed 
before  and  after  the  experiment ;  but  as  the  sulphuric  acid  might 
be  expected  to  mask  the  effect  of  any  oxygenated  compound 
which  might  result  from  the  absorption  of  oxygen,  which  took 
place  in  all  these  experiments  except  those  where  the  strong 
solutions  of  sulphuric  acid  were  employetl,  and  as  pure  distilled 
water  would  give  no  effect,  1  tried  the  eftcct  of  the  spark  passed 
through  aqueous  vapour.  Some  distilled  water  was  boiled  and 
placed  under  the  receiver  of  an  air-pump,  with  a  coated  point 
and  plate  of  platinum  enclosed  in  a  tube  tilled  with  the  liquid, 
and  inverted;  the  point  and  plate  connnunicatiug  respectively 
with  the  upper  and  under  plate  of  the  receiver,  and  thence 
brought  into  metallic  communication  with  the  ends  of  the 
secondary  coil. 
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The  receiver  was  then  exhausted,  and  the  va])our  whicli  had 
formed  at  the  top  of  the  tube  soon  dihited  sufficiently  to  expose 
the  point  and  plate ;  the  spark  was  then  passed  across  the 
vapour,  and  a  permanent  increase  in  volume  of  the  vapour  was 
soon  detected.  The  experiment  was  continued  for  a  week,  the 
apparatus  working  five  hours  each  day ;  at  the  end  of  that  time 
much  of  the  gas  formed  had  escaped  into  the  receiver,  and  on 
letting  in  the  air  the  water  rose  in  the  tube  until  a  bubble  of  gas 
of  0'03  c.  i.  remained  in  the  top  ;  this  was  analysed,  and  proved 
to  be  pure  hydrogen. 

On  the  interior  of  the  tube  was  a  dark  pulverulent  deposit, 
far  too  minute  in  c[uantity  for  analysis,  but  which  had  evidently 
proceeded  from  the  platinum. 

The  only  possible  mode  in  which  I  can  account  for  this  expe- 
riment is,  that  this  deposit  consisted  of  an  oxide  or  peroxide  of 
platinum ;  and  to  account  for  it  thus,  it  must  be  assumed  that 
platinum  will  decompose  water  by  abstracting  its  oxygen. 

12th.  I  have  endeavoured,  by  working  for  a  long  time  upon 
a  limited  quantity  of  water  very  slightly  acidulated  with  sul- 
phuric acid,  to  detect  some  compound  which  might  be  formed 
by  the  oxygen  which  disappeared. 

I  placed  in  a  small  tube  0"15  c.  i.  of  distilled  water,  touched 
with  a  rod  which  had  been  smeared  with  sulphuric  acid.  I  con- 
tinued working  on  this  for  a  fortnight,  averaging  five  hours 
a  day ;  and  as  the  liquid  diminished  by  evaporation,  I  added 
distilled  water  which  had  been  recently  boiled.  No  change 
could  be  detected  in  the  liquid  at  the  expiration  of  this  period. 
It  gave  an  acid  reaction  with  test-paper,  precipitated  chloride  of 
barium,  and  showed  no  bleaching  properties,  which  I  looked  for 
as  a  result  of  absorbed  oxygen. 

I  have  used  the  expressions  positive  and  negative  for  J^he  ter- 
minals of  the  secondary  coil  which  bore  this  relation  to  each 
other  upon  breaking  contact  of  the  primary  coil,  and  as  far  as  I 
could  ascertain  by  direct  experiment,  there  was  no  spark  or  de- 
composition on  making  contact ;  but  although  from  the  time 
which  the  magnetic  coil  takes  to  acquire  its  magnetism  no  spark 
is  visible  with  this  apparatus  on  making  contact,  possibly  some 
slight  decomposition  might  take  place  on  making  contact ;  this, 
however,  though  it  is  well  to  notice  the  point,  is  immaterial  to 
the  consideration  of  the  results  detailed  in  this  })apcr,  as,  if  the 
currents  were  in  alternate  directions,  the  proportions  of  the  gases 
w^ould  be  equally  exceptional  and  anomalous. 

I  have  made  many  variations  of  the  above  experiments,  but  it 
would  be  tedious  to  detail  them.  The  following  are  the  general 
results : — 

1st.  With  distilled  water  containing  a  small  quantity  of  sul- 
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phuric  acid,  there  is  always  a  notable  excess  of  hydrogen  ;  in  one 
case  the  oxygen  was  only  oue-lifttenth  of  the  whole  volume  of 
gas  evolved.  With  solution  of  ])otash  a  similar  result  takes 
place. 

2nd.  When  the  quantity  of  acid  is  increased  to  the  point  at 
which  the  electrolytic  power  of  the  solution  is  the  best,  the  ex- 
cess of  hydrogen  is  less ;  and  probably  if  the  exact  point  of  the 
solution  were  attained,  there  would  be  no  excess. 

3rd.  When  the  solution  is  much  stronger  than  that  which 
makes  the  best  electrolyte,  there  is  a  notable  excess  of  oxygen. 

4th.  When  the  electrodes  exceed  a  certain  size,  water  conducts 
without  any  apparent  signs  of  decomposition. 

On  making  a  search  for  any  previous  experiments  on  this  sub- 
ject, I  find  that  Faraday  (Phil.  Trans.  1834,  p.  91)  has  observed 
that  when  a  strong  solution  of  sulphuric  acid,  formed  by  mixing 
two  measures  of  oil  of  vitriol  with  one  of  water,  was  subjected  to 
ordinary  electrolysis,  a  remarkable  disappearance  of  oxygen  took 
place.  The  strength  of  the  acid  he  then  employed  would  be 
veiy  nearly  that  employed  by  me  in  experiment  7 ;  but  in  my 
experiment,  when  the  solution  is  subjected  to  decomposition  by 
the  spark  from  the  secondary  coil,  exactly  the  converse  eficct 
takes  place,  and  there  is  a  notable  disappearance  of  hydrogen. 

Faraday  attributes  the  disappearance  of  the  oxygen  to  the 
formation  of  peroxide  of  hydrogen  ;  but  in  those  of  my  experi- 
ments where  oxygen  disappeared,  this  could  hardly  be  the  case, 
as  the  gases  are  eliminated  at  a  point  of  ignition  at  which  this 
compound  would  be  decomposed,  and  in  many  of  my  experi- 
ments the  liquid  was  kept  very  nearly  at  the  boiling-point. 

I  abstain  at  present  from  expressing  any  opinion  as  to  the 
cause  of  these  singular  anomalies,  and  hope  to  make  a  further 
communication  on  the  subject  when  I  can  resume  and  complete 
some  experiments  which  I  have  in  view,  but  which  it  will  be 
some  time  before  I  can  undertake. 


XXXIV.  On  the  Dependence  of  the  Heating  Power  of  the  Gal- 
vanic Current  on  the  nature  of  the  surrounding  Gas.  By 
R.  Clausius. 

WE  take  the  following  from  a  paper  published  by  M.  Clausius 
in  the  12th  Number  of  PoggendorfTs  Annalen  for  1852, 
It  shows  the  attention  which  tho  remarkable  experiment  of  Grove 
(Phil.  Mag.  vol.  xxvii.  p.  415)  has  attracted  in  Germany,  and  also 
the  different  opinions  entertained  as  to  the  cause  of  the  observed 
ph?enomcna.  In  the  circuit  of  a  voltaic  batten,^  Grove  intro- 
duced two  perfectly  similar  pieces  of  platinum  wire,  coiled  into 
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a  screw  form  and  enclosed  in  two  small  glass  tubes  which  were 
filled,  the  one  with  oxygen  and  the  other  with  hydrogen ;  the 
tubes  were  immersed  in  two  similar  vessels  containing  equal 
quantities  of  water,  which  served  as  a  calorimeter,  When  the 
circuit  was  established,  the  wire  immersed  in  the  oxygen  became 
white-hot,  while  that  in  the  hydrogen  exhibited  no  visible  red- 
ness. At  the  same  time  the  heat  yielded  by  the  wires  raised  the 
temperature  of  the  surrounding  water,  that  in  which  the  hydro- 
gen tube  was  immersed  being  elevated  from  60°  to  70°,  and 
that  which  surrounded  the  oxygen  tube,  from  60°  to  81°. 

In  a  similar  manner  Grove  compared  other  gases  with  hydro- 
gen, and  found  the  following  numbers,  which  have  been  reduced 
by  M.  Clausius,  who  takes  the  quantity  of  heat  yielded  in  each 
experiment  by  the  hydrogen  as  unit : — 


Gases  in  which  the  1 


,  V  Nitrogen.  Oxyeen 
immersed  j  "  •'° 


Quantity    of    heat  "I 
yielded J 


2-26 


2-10 


Carbonic  I  Olefiant 
acid.  gas. 


1-90  1-5; 


Hydrogen, 


In  publishing  a  translation  of  the  first  communication  of  Grove 
upon  this  subject,  PoggendoriF  expressed  the  opinion*  that  the 
cooling  of  a  wire  heated  by  galvanic  electricity  in  different  gases  fol- 
lows 'mutatis  mutandis  the  same  laws  that  Uulong  and  Petit  have 
established  in  the  case  of  bodies  heated  in  an  ordinary  manner,  and 
according  to  which  hydrogen  possesses  the  greatest  cooling 
capacity.  This  manner  of  explanation  is  objected  to  by  J.  Miiller 
in  his  "  Report  on  the  latest  Progress  of  Physics,^'  p,  396 ;  the 
last-mentioned  experiment  being  regarded  by  him  as  unmistake- 
ably  opposed  to  such  an  explanation.  He  says  : — "This  experi- 
ment proves  decidedly  that  the  feebler  glowing  of  the  wire  in 
hydrogen,  with  an  equal  strength  of  current,  is  not  to  be  referred 
to  the  circumstance  that  the  hydrogen  abstracts  the  heat  most 
quickly  from  its  wire,  for  in  this  case  the  water  surrounding  the 
hydrogen  tube  must  be  most  speedily  heated.  All  the  circum- 
stances point  to  the  conclusion,  that  in  the  wire  surrounded  by 
hydrogen  the  actual  quantity  of  heat  produced  is  less  than  in 
the  other  wires."  Miiller  closes  his  report  with  the  statement, 
that  in  his  opinion  the  experiment  stands  "  completely  isolated 
and  unaccounted  for.^' 

M.  Clausius,  however,  can  find  no  such  difficulty  attached  to 
the  subject.  The  different  quantities  of  heat  yielded  up  by  the 
wire  in  different  gases,  in  connexion  with  the  dependence  of  the 
quantity  of  heat  developed  by  the  current  upon  the  resistance  of 
the  wire,  appear  to  him  to  be  quite  sufficient  to  explain  the  phse- 

*  P°SS-  Ann-  vol.  Ixxi.  p.  197. 
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nomenon,  ^liiller,  he  believes^  has  overlooked  the  dependence 
last  mentioned.  The  concluding  sentence  above  cited,  "  All  the 
circumstances  point  to  the  conclusion/'  &c.,  is  not  at  all  disputed, 
but  is  rather  a  necessary  consequence  of  the  more  speedy  abs- 
traction of  heat  by  the  hydrogen ;  for  the  colder  wire  presents 
a  less  resistance,  and  hence,  as  the  current  is  the  same  in  both 
wires,  a  less  quantity  of  heat  must  be  developed  in  the  wire, 
which  is  preserved  cool  by  its  surrounding  gas,  than  in  the 
other. 
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an.  1-3,  \     PAPER  was  read,  entitled  "  Description  of  some  species 
1853.    -^■-     of  the  extinct  genus  A"esof/on."  Bv  Prof.  Owen,  F.R.S. 
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genus 

The  author  commences  by  referring  to  a  genus  of  extinct  herbi- 
vorous mammals  which  he  had  founded  in  1836,  on  certain  fossil 
remains  discovered  in  Patagonia,  and  which,  from  the  insular  dispo- 
sition of  the  enamel  folds  characteristic  of  the  molar  teeth,  he  had 
called  Nesodon.  Subsequent  transmissions  of  fossils  from  the  same 
part  of  South  America,  by  their  discoverer,  Capt.  SuHvan,  R.N.,  now 
enabled  the  author  to  define  four  species  of  the  genus.  The  first 
which  he  describes  is  founded  on  a  considerable  portion  of  the  cra- 
nium and  the  lower  jaw,  -with  the  teeth,  and  is  called  J^esodon 
ovinus.  After  the  requisite  osteological  details  and  comparisons  the 
author  proceeds  to  describe  the  three  incisors,  the  canine,  and  five 
molar  teeth,  which  are  present  on  each  side  of  both  upper  and  lower 
jaws,  and  then  enters  upon  an  inquiry  as  to  the  nature  and  homo- 
logies of  the  grinding  teeth.  The  result  is  to  show  that  the  first 
four  molars  belong,  with  the  incisors  and  canines,  to  the  deciduous 
series,  and  that  the  fifth  molar  is  the  first  true  molar  of  the  perma- 
nent series  ;  the  germ  of  a  second  true  molar  was  discovered  behind 
this,  in  both  the  upper  and  the  lower  jaws,  whence  the  author  con- 
cludes that  the  Nesodon  ovinus  had  the  typical  number  of  teeth  when 
the  permanent  series  was  fully  developed,  viz.  i  ■^,  c  [3^!,  p  ^^ 

The  structure  of  the  grinding  teeth  proving  the  extinct  animal  to 
have  been  herbivorous,  the  number  and  kinds  of  teeth  in  the  entire 
series  show  that  it  was  ungulate.  In  this  great  natural  series  of  mam- 
malia the  author  next  shows  that  the  Nesodon  had  the  nearest  affi- 
nities to  the  odd-toed  or  Perissodactyle  order  amongst  the  existing 
species  ;  but  certain  modifications  of  structure,  hitherto  peculiar  to 
the  even-toed  or  Artiodactyle  Ungulates,  are  repeated  in  the  cranium 
of  the  Nesodon  :  more  imj)ortant  marks  of  affinity  are  pointed  out  in 
the  Nesodon  to  the  Toxodon ;  and  both  these  extinct  forms  of  South 
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American  herbivores  are  shown  to  agree  with  each  other  in  characters 
of  greater  value,  derived  from  the  osseous  and  dental  systems,  than 
any  of  those  by  which  the  XesGclon  resembles  either  the  Perissodac- 
tyle  or  Artiodactyle  divisions  of  hoofed  animals. 

The  genus  Nesodon  is  characterized  by  the  following  modifications 
of  the  teeth,  wliich  in  number  and  kind  are  according  to  the  typical 
dental  formula  above  given.  Incisors  trenchant,  with  long,  slightly 
curved  crowns,  of  limited  growth  :  canines  small,  not  exceeding  in 
length  the  contiguous  premolars.  Molars,  in  the  upper  jaw,  with 
long,  curved,  transversely  compressed  crowns,  which  contract  as  they 
penetrate  the  bone  and  ultimately  develope  fangs ;  the  outer  side  of 
the  crown  ridged,  the  inner  side  penetrated  by  two  more  or  less 
complex  folds  of  enamel,  leaving  insular  patches  on  the  worn  crown  : 
enamel  thin.  The  lower  molars,  long,  straight,  and  compressed ; 
divided  by  an  external  longitudinal  indent  into  two  unequal  lobes, 
both  penetrated  at  the  inner  side  by  a  fold  of  enamel,  which  is  com- 
plex in  the  hinder  lobe.  All  the  teeth  have  exserted  crowns  of 
equal  height  and  arranged  in  an  unbroken  series.  The  bony  palate 
is  entire  and  extends  back  beyond  the  molars,  the  maxillaries  and 
palatines  forming  the  back  part  in  equal  proportions.  A  distinct 
articular  cavity  and  eminence  for  the  lower  jaw ;  the  eminence  long 
and  concave  transversely,  short  and  convex  longitudinally;  a  protu- 
berant post-glenoid  process ;  a  strong  and  deep  zygoma,  the  orbit 
and  temporal  fossa  widely  intercommunicating ;  the  premaxillaries 
join  the  nasals. 

Of  the  genus  presenting  the  above  dental  and  osteal  characters 
the  author  defines  four  species  : — the  first,  about  the  size  of  a  Llama, 
is  the  Kesodon  imhricatus ;  the  second,  of  the  size  of  a  Zebra,  is  the 
Nesodon  SuUiani ;  the  species  to  which  belong  the  portions  of  skull, 
with  the  teeth,  described  in  the  present  memoir,  did  not  exceed  the 
size  of  a  large  sheep,  and  is  termed  the  Nesodon  ovinvs ;  fourthly,  a 
species  of  the  size  of  a  Rhinoceros,  Nesodon  magnits,  is  satisfactorily 
indicated  by  a  grinder  of  the  upper  jaw.  In  conclusion,  the  author 
remarks,  that  the  osteological  characters  defining  the  orders  of  hoofed 
quadrupeds,  called  Proboscidia,  Perissodactyla  and  Artiodactyla,  are 
associated  with  modifications  of  the  soft  parts  of  such  importance, 
as  not  only  to  establish  the  principle  of  that  ternary  division  of  the 
great  natural  group  of  Ungidata,  but  to  indicate  that  the  known  mo- 
difications of  the  skeleton  of  the  extinct  Toxodons  and  Nesodons  of 
South  America,  in  the  degree  in  which  they  differ  from  the  osteology 
of  the  already  defined  orders  of  Ungidata,  must  have  been  associated 
with  concomitant  modifications  of  other  parts  of  their  structure  which 
would  lead  to  their  being  placed  in  a  distinct  division,  equal  to  the 
Proboscidia  ;  and,  like  that  order,  to  be  more  nearly  allied  to  the  Pe- 
rissodactyla than  the  Artiodactyla.  This  new  division  of  the  Ungulata 
the  author  proposes  to  call  Toxodontia,  and  he  remarks  that  its  dental 
and  osteal  characters,  while  they  illustrate  the  close  mutual  affinities 
between  the  Nesodons  and  Toxodons,  tend  to  dissipate  much  of  the 
obscurity  supposed  to  involve  the  true  affinities  of  the  Toxodon,  and 
to  reconcile  the  conflicting  opinions  as  to  the  proper  position  of  that 
genus  in  the  mammalian  class. 
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Jan.  20. — The  following  papers  were  read  : — 

1.  "On  the  Extension  of  the  value  of  the  ratio  of  the  Circum- 
ference of  a  circle  to  its  Diameter."  By  William  Rutherford,  Esq., 
F.R.A.S. 

The  author,  referring  to  a  former  communication  on  this  subject, 

published  in  the  Phil.  Trans.  1841,  states  that,  in  the  value  of  tt 

here  given  to  208  places  of  decimals,  there  exists,  in  the  latter 

part  of  one  of  the  terms  of  the  series  for  determining  the  value 

of  tan"' — ,  a  transposition  of  the  figures  of  a  recurring  decimal, 

•which  vitiates  a  considerable  number  of  the  figures  in  the  latter  part 
of  the  value.  This  error  had  been  detected  in  consequence  of  Pro- 
fessor Schumacher  having  observed  that  in  the  value  of  it  which  had 
been  given  him  by  M.  Dase,  who   had  calculated  it  to  200  places, 

from  the  formula  j=  tan  ~ '  q  "I"  ^^'^~ '  5  +  ^^^~ '  8'  ^^^^  figures  from 
the  153rd  to  the  200th  differed  entirely  from  those  given  by  the 
author.  The  accuracy  of  M.  Dase's  result  was  confirmed  by  a 
double  computation  of  Dr.  Clausen  of  Dorpat,  who  deduced  the 
value  of  -  to  230  places   of  decimals,  both  by  Machines  formula 

TT  _,    1  -1      1 

^=4  tan     ^-tan     239. 

and  by  the  formula 

■^  -1  1  -1   1 

— =2tan      —  +  tan      -=-; 

and  the  author's  result  was  shown  to  differ  from  the  correct  value 

by  the  periodic  decimal  '36. 

Having  been  informed  by  Mr.  W.  Shanks  of  Houghton-le-Spring, 
that  he  had  pushed  his  computation  of  the  value  of  n  to  the  extent 
of  318  decimals,  the  author  resolved  to  extend  his  operations  to 
upwards  of  400  decimals.  As  Mr.  Shanks  had  employed  Machin's 
formula,  the  author  resolved  to  make  use  of  the  same.  At  his  request 
Mr.  Shanks  resumed  his  calculations,  and  has  not  only  verified  the 
author's  value  of  tt  to  440  places  of  decimals,  but  has  carried  his 
own  to  the  extent  of  530  places.     The  author  states  that  the  values  of 

tan~'-:^and  tau~' ;s^x7r,  as  well  as  the  value  of  tt,   which  are  here 
o  239 

subjoined,  have  been  obtained  by-  the  independent  computations  of 

Mr.   Shanks  and  himself,  and  that   they  both   feel   confident   that 

these  values  are  correct  in  every  figure  as  far  as  440  decimals. 


tan' 


•19739  55598  49880  75837  00497  65194  79029  34475  85103  78785 
21015  17688  94024  10339  ^9978  24378  57326  97828  03728  80441 
12628  11807  36913  60104  45647  98867  94239  35574  75654  95216 
30327  00522  10747  C0156  45015  56006  12861  85526  63325  73186 
92806  64389  68c6i  89528  40582  59311  24251  61329  73139  93397 
11323  35378  21796  0S417  66483  10525  47303  96657  25650  48887 
81553  09384  29057  93116  95934  19285  18063  64919  69751  94017 
08560  94952  73686  73738  50840  08123  67856  15800  93298  22514 
02324  66755  49211  02670  45743  78815  47483  90799  7 
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**'^  i^^  -00418  40760  02074  71386  45381 14959  18545  27410  48065  30763 
^"  19508  27019  61288  71817  78341  42289  32737  82605  81362  29094 
54975  45066  64448  63756  05245  83947  8931 1  86505  89221  28833 
09280  08462  71962  33077  33759  47634  60331  84734  14570  33198 
60154  54S14  80599  14498  30211  46039  12539  49517  60779  68815 
58881  27339  78533  46518  04574  254S1  35867  46447  51979  10232 
83097  70020  64652  82763  46532  96910  48183  86543  56078  91959 
14512  3222094463  68627  66155 10831  6796426465  74655  11032 
51034  35262  82445  12693  55670  49968  44452  47904  3 

7r=3  -14159  26535  89793  13846  16433  83279  50288  41971  69399  37510 
58209  74944  59230  78164  06286  20899  86280  34825  34211  70679 
8214S  08651  32823  06647  0938446095  5058223172  5359408128 
48111  74502  84102  70193  85211  05559  64462  29489  54930  38196 
44288  10975  66593  34461  18475  64823  37867  83165  27120  19091 
45648  56692  34603  48610  45432  66482  13393  60726  02491  41273 
72458  70066  06315  58817  48815  20920  96282  92540  91715  36436 
78925  90360  01133  05305  48820  46652  13841  46951  94151  16094 
33057  27036  57595  91953  09218  61173  81932  61179  3 

Commencing  at  the  441st  decimal  place,  Mr.  Shanks'  additional 
figures  are  as  follow  :  — 

rtan"   —V..  78985  02007  51136  96837  96139  22783  54193  25572  23284  13846 
5         47744  13519  09705  46511  14383  02697  56051  83775 

^tan~    — v..  33177  28393  07086  31401  93869  51950  37058  64107  70855  85540 
139-^      45113  55388  14237  67708  36515  69182  52702  00228 

(tt)...  31051  18548  07446  23799  62749  56735  18857  52724  89122  79381 
83011  94912  98336  73362  44065  66430  86021  35 


In  conclusion,  the  author  states  that  Mr.  Shanks  has  computed 
the  value  of  the  base  of  the  Napierian  sj'Stem  of  logarithms  as  well 
as  the  values  of  the  Napierian  logarithms  of  2,  3,  5  and  10,  to  the 
extent  of  140  places  of  decimals. 

2.  "An  Account  of  a  Deep-sea  Sounding  in  7706  fathoms,  in 
36°  49'  South  Latitude,  and  3  7°  6'  West  Longitude."  By  Captain 
Henry  Mangles  Denham,  R.N.,  F.R.S. 

This  sounding  was  obtained  on  a  calm  day,  October  30,  1852, 
in  the  course  of  the  passage  of  H.M.  ship  Herald,  from  Rio  de  Ja- 
neiro to  the  Cape  of  Good  Hope.  The  sounding-line  was  ^o^^  ^^ 
an  inch  in  diameter,  laid  into  one  length,  and  weighing,  when  dry, 
lib.  for  every  hundred  fathoms.  Captain  Denham  received  from 
Commodore  ^PKeever  of  the  United  States  Navy,  commanding  the 
Congress  Frigate,  a  present  of  15,000  fathoms  of  this  line,  10,000 
fathoms  on  one  reel,  and  5000  on  another ;  and  considers  it  to  have 
been  admirably  adapted  for  the  purpose  for  which  it  was  made  and 
to  which  it  was  applied.  The  plummet  weighed  91bs.,  and  was  11-5 
inches  in  length,  and  1-7  inch  in  diameter.  When  7706  fathoms 
had  run  off  the  reel  the  sea-bottom  was  reached.  Captain  Denham 
states  that  Lieut.  Hutcheson  and  himself,  in  separate  boats,  with 
their  own  hands,  drew  the  plummet  up  50  fathoms  several  times, 
and  after  it  had  renewed  its  descent,  it  stopped,  on  each  occasion, 
abruptly  at  the  original  mark  to  a  fathom,  and  would  not  take  an- 
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other  turn  off  the  reel.     The  velocity  with  which  the  line  run  out 
was  as  follows  : — 

The  first  1000  fathoms  in  ,  . 

1000  to  2000  fathoms  in  .  , 

2000  to  3000  fathoms  in  .  . 

3000  to  4000  fathoms  in  .  . 

4000  to  5000  fathoms  in  .  . 

5000  to  6000  fathoms  in  . 

6000  to  7000  fathoms  in  . . 

7000  to  7706  fathoms  in  .  , 


The  whole  time  therefore  taken  by  the  plummet  in  descending 
through  7706  fathoms,  or  nearly  7' 7  geographical  miles  of  60  to  the 
degree,  was  9''  24™  45*.  The  highest  summits  of  the  Himalaya,  Dha- 
walagiri  and  Kinchinginga,  are  little  more  than  28,000  feet,  or  4' 7 
geographical  miles  above  the  sea.  The  sea-bottom  has  therefore 
depths  greatly  exceeding  the  elevation  of  the  highest  pinnacle  above 
its  surface. 

The  strength  of  the  line  tried  before  the  sounding  was  found  to 
be  equal  to  bear  72lbs.  in  air.  The  7706  fathoms  which  ran  out 
weighed,  when  dry,  77lbs.,  exclusive  of  the  plummet,  91bs.  Great 
care  was  taken  in  the  endeavour  to  bring  the  plummet  again  to  the 
surface  to  show  the  nature  of  the  bottom,  but,  whilst  carefully  reel- 
ing in,  the  line  broke  at  140  fathoms  below  the  water-line,  carrying 
away  a  Six's  thermometer  which  had  been  bent  on  at  3000  fathoms. 

Jan.  27. — A  letter  was  read  giving  an  account  of  "An  Explosive 
Meteorite."     By  Francis  Higginson,  Esq.,  R.N. 

The  writer  states  that  his  attention  having  been  aroused  by  the 
highly  electrical  state  of  the  atmosphere  during  a  severe  gale  of  wind, 
he  proceeded  along  the  beach  in  the  vicinity  of  Dover,  at  2  a.m.  on  the 
morning  of  Friday,  the  17th  of  December  1852. 

It  had  blown  very  hard  during  the  night,  the  wind  veering  from 
West  to  W.S.W.,  in  occasional  heavy  squalls  of  rain  and  sleet, 
accompanied  at  intervals  bj'^  faint  flashing  scintillations,  which  at 
first,  being  considered  sheet  lightning,  were  only  noticed  from  their 
unusual  colour,  a  deep  and  sombre  red.  At  about  4'"  50""  a.m.,  how- 
ever, these  flashes  constantly  emerging  from  a  dense,  triangular  and 
very  remarkable  cloud  in  the  S.E.,  wliich  perce])tibly  increased  in 
size  with  great  rajiidlty,  he  was  induced  to  observe  it  with  minute 
attention.  At  4''  55"™  a.m.,  Greenwich  mean  time,  the  cloud  had 
assumed  the  form  of  a  right-angled  triangle,  its  hypothenuse,  or 
longest  side,  tending  east  and  west.  At  this  instant  he  first  heard  a 
singular  and  extraordinary  hissing  sound  in  the  air,  not  unlike  that 
of  a  passing  shot,  which,  although  at  first  not  very  loud,  was  yet 
clearly  distinguishable  above  the  howling  of  the  gale.  At  5  a  m.  the 
cloud  had  nearly  doubled  its  original  size,  advancing  steadily  from 
the  S.E.  in  a  ^s^.W.  direction,  or  from  nearly  dead  to  leeward,  to- 
wards   the  wind's   eye  ;    whilst  the   scintillations  spoken  of  were 
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emitted  with  increased  rapidity.  He  also  then  first  perceived  in  the 
centre  of  the  cloud,  a  dull,  red,  obscure  nucleus,  or  fire-ball,  appa- 
rently about  half  the  diameter  of  the  moon,  having  a  tail  five  or  six 
times  that  length,  from  which  the  flashes  mentioned  were  sent  forth, 
of  surpassing  brilliancy,  as  the  meteor  clearly  descended  with  great 
velocity  through  the  air,  accompanied  by  a  detonating,  hurtling, 
hissing  sound,  impossible  to  describe,  yet  resembling  that  which 
precedes  the  shock  of  an  earthquake.  At  three  minutes  past  five 
o'clock  A.Ji.,  the  meteor  having  apparently  spanned  the  Channel 
from  S.E.  to  N.W.,  upon  approaching  the  land — evidently  throw- 
ing off  portions  of  its  substance  as  it  passed  through  the  atmo- 
sphere— the  nucleus  suddenly  exploded  with  a  report  similar  to  a 
very  heavy  clap  of  thunder,  giving  out  an  intensely  brilliant  light, 
which  rendered  the  minutest  objects  distinctly  visible,  although  it 
rained  violently  and  the  sky  was  obscured  by  dark  and  threatening 
clouds.  The  dense  body  of  the  meteorite  seemed  to  fall  in  the 
water  about  half  a  mile  from  the  land,  as  indicated  by  a  great  vo- 
lume of  spray,  which  rose  foaming  in  the  distance. 

Feb.  3.  —  The  reading  of  Mr.  Airy's  paper,  entitled  "On  the 
Eclipses  of  Agathocles,  Thales  and  Xerxes,"  commenced  at  a  former 
meeting,  was  resumed  and  concluded. 

The  author,  after  remarking  that  the  calculations  of  distant  eclipses 
made  in  the  last  century  possess  little  value,  proceeds  to  give  the 
successive  steps  of  improvement  in  the  lunar  theory  as  ap])licable 
to  the  computation  of  eclipses,  and  especially  in  the  motion  of  the 
moon's  node.  The  first  great  improvement  was  the  introduction  by 
Laplace  of  terms  expressing  a  progressive  change  in  the  mean  secu- 
lar motions.  With  Biirg's  tables,  in  which  these  changes  were  in- 
troduced, or  with  the  same  elements,  Mr.  Francis  Baily  and  Mr. 
Ottmanns  computed  many  eclipses  in  the  search  for  that  usually 
called  the  eclipse  of  Thales  ;  and  both  these  astronomers  fixed  upon 
the  eclipse  of  b.c.  610,  September  30,  as  the  only  one  which  could 
be  reconciled  with  the  account  of  Herodotus.  Air.  Baily  however 
subjoined  a  computation  of  the  eclijjse  of  Agathocles  from  the  same 
elements,  and  found  that  this  could  not  by  any  means  be  reconciled 
with  the  historical  account ;  he  inferred  from  this  that  some  serious 
change  in  the  theory  is  necessary,  and  that  when  it  was  introduced 
the  eclipse  of  b.c.  610  might  not  be  found  to  agree  with  history; 
but  he  thought  it  certain  that  no  other  eclipse  could  be  adopted. 
The  various  values  of  the  motion  of  the  node  adopted  by  different 
writers  from  different  observations  (principally  total  or  annular 
eclipses)  are  then  collected.  Allusion  is  then  made  to  the  peculiar 
value  of  the  eclipse  of  Stiklastad  (brought  to  notice  by  Professor 
Hansteen),  and  which  will  be  increased  when  the  calculations  shall 
have  been  made  on  unexceptional  elements.  The  author  then  ad- 
verts to  the  great  Reduction  of  the  Greenwich  Observations  from 
1750  to  1830,  to  Hansen's  new  inequalities,  and  to  the  numerical 
amounts  of  corrections  of  the  principal  elements.  Then  are  given 
the  coefficients  of  the  change  in  secular  value  of  mean  motion  of  the 
mean  of  the  moon's  perigee,  and  of  the  moon's  node,  as  found  by 
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Laplace,  Damoiseau,  Plana,  and  Hansen  ;  the  principal  change  made 
bj'  the  latter  writers  from  Laplace's  values  being  in  the  motion  of 
perigee. 

The  method  of  computation  adopted  by  the  author  is  then  ex- 
plained. He  adopts  the  Greenwich  mean  motions  and  Damoiseau's 
coefficients  for  progressive  change  of  secular  mean  motion.  He  then 
repeats  the  calculation  with  an  arbitrary  change  of  longitude  of 
node ;  considering  that,  from  the  loose  nature  of  the  early  Green- 
wich observations,  this  element  is  most  likely  to  be  ia  error,  and  that 
its  errors  will  produce  the  greatest  effect. 

The  author  then  discusses  the  account  of  the  eclipse  of  Agathocles, 
B.C.  310,  August  15.  Adopting  Alhowareah  (under  Cape  Bon)  as 
his  landing-place  in  Africa,  he  states  his  belief  that  Agathocles  sailed 
northward  from  Syracuse  (a  conjecture  which  he  owes  in  the  first 
instance  to  J.  W.  Bosanquet,  Esq.),  and  was  not  far  from  the  Straits 
of  Messina.  On  the  usual  supposition  of  his  sailing  to  the  south, 
he  would  be  near  Cape  Passaro. 

On  making  the  calculation  with  the  Greenwich  Elements  unvaried, 
it  is  found  that  the  eclipse  would  be  total  on  the  southern  possible 
place  of  Agathocles,  but  not  on  the  northern.  The  calculation  being 
repeated  with  an  arbitrary  change  in  the  place  of  the  node,  a  gra- 
phical construction  is  employed  to  discover  the  numerical  amount  of 
the  changes  that  must  be  made  to  satisfy  the  four  following  condi- 
tions:—  1,  the  northern  edge  of  the  shadow  touches  the  south  station  ; 
2,  the  northern  edge  touches  the  north  station  ;  3,  the  southern  edge 
touches  the  south  station  ;  4,  the  southern  edge  touches  the  north 
station.  If  the  south  station  be  adopted,  the  change  must  lie  be- 
tween those  of  conditions  1  and  3 ;  if  the  north,  the  change  must 
lie  between  those  of  2  and  4.  The  numerical  values  must  be  slightly 
increased  for  application  to  a  more  distant  eclipse,  as  to  that  of 
Thales. 

The  eclipse  of  Thales  is  tlien  considered.  There  appears  to  be  no 
reason  for  connecting  the  locality  (as  Mr.  Baily  supposed)  with  the 
river  Halys.  The  historical  circumstances  indicate  with  great  pro- 
bability that  two  large  armies  had  met ;  and  the  question  aj)pears  to 
be,  in  what  part  of  Asia  J.Iinor  is  it  likely  that  such  bodies  of  troops 
would  be  collected.  The  author  adverts  to  the  form  and  passes  of 
the  mountains,  and  decides  that  the  Median  army  entered  most  pro- 
bably by  the  pass  of  Issus,  or  possibly  by  that  of  Melitene,  and  that 
the  battle-field  might  be  anywhere  in  the  space  bounded  by  Melitene, 
Issus,  Iconium,  Sardes,  and  Ancyra. 

On  calculating  the  eclipses  which  occurred  for  manj"  years  before 
and  after  b.c.  GOO,  it  appears  that  only  the  eclipse  of  b.c.  585,  May 
28,  answers  to  the  ixquisite  conditions,  and  that  it  does  so  in  a  most 
satisfactory  way.  [This  is  the  date  adopted  by  the  principal  ancient 
chronologists  ;  it  would  seem  that  it  was  first  verified,  by  calculations 
founded  on  good  elements,  by  J.  11.  Hind,  Esq.  during  the  prepara- 
tion of  this  paper.]  The  path  of  the  shadow  which  is  most  agree- 
able to  the  military  and  geographical  circumstances,  is  one  which 
implies  a  correction  to  the  Greenwich  Elements  corresponding  to  that 
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M'hich  would  make  the  eclipse  of  Agathocles  nearly  central  over  the 
northern  station,  and  excludes  the  possibility  of  his  passing  by  the 
southern  route. 

The  author  then  adverts  to  the  principal  remaining  causes  of  un- 
certainty in  these  conclusions,  and  points  out  the  values  of  progress- 
ive change  in  tlie  secuhir  mean  motions  as  peculiarly  deserving 
investigation. 

Allusion  is  then  made  to  a  record  in  the  Persian  poetical  history, 
preserved  by  Sir  John  Malcolm,  which  ajipears  to  point  to  a  total 
eclipse  as  occurring  under  similar  circumstances  in  the  jjrovince  of 
Mazenderan.  It  appears  however  on  calculation,  that  no  total 
eclipse  passed  over  Mazenderan,  at  least  for  many  years,  about  the 
time  in  question. 

The  autlior  then  calls  attention  to  the  statement  of  Herodotus, 
that  something  like  a  total  solar  eclipse  occurred  when  Xerxes  was 
setting  out  from  Sardes  for  his  invasion  of  Greece.  On  calculation 
it  appears  impossible  to  explain  this  by  a  solar  eclipse,  and  moreover 
the  peculiar  turn  of  the  answer  of  the  Magi  to  the  inquiries  of  Xerxes 
would  seem  to  be  irrecoucileable  with  a  solar  eclipse.  The  author 
thinks  it  most  likely  that  the  phenomenon  really  was  the  total  eclipse 
of  the  moon  which  occurred  on  the  morning  of  B.C.  479,  March  14. 
If  this  were  adopted,  the  date  of  the  invasion  of  Greece  must  be 
brought  down  one  year  later  than  that  given  by  the  received  chro- 
nology. 


ROYAL  INSTITUTION  OF  GREAT  BRITAIN. 

Jan.  21,  1853. — Observations  on  the  Magnetic  Force.  By  Pro- 
fessor Faraday. 

Inasmuch  as  the  general  considerations  to  be  brought  forward  had 
respect  to  those  great  forces  of  the  globe,  exerted  by  it,  both  as  a 
mass  and  through  its  particles,  namely,  magnetism  and  gravitation, 
the  attention  was  first  recalled  briefly  to  certain  relations  and  differ- 
ences of  the  two  which  had  been  insisted  upon  on  former  occasions. 
Both  can  act  at  a  distance,  and  doubtless  at  any  distan.ce  ,  but  whilst 
gravitation  may  be  considered  as  simple  and  unpolar  in  its  relations, 
magnetism  is  dual  and  polar.  Hence  one  gravitating  particle  or 
system  cannot  be  conceived  to  act  by  gravitation,  as  a  particle  or 
system,  on  itself;  Avhereas  a  magnetic  particle  or  system,  because 
of  the  dual  nature  of  its  force,  can  have  such  a  self-relation.  Again, 
either  polarity  of  the  magnetic  force  can  act  either  by  attraction  or 
rejiulsion  ;  and  not  merely  so,  but  the  joint  or  dual  action  of  a 
magnet  can  act  also  either  by  attraction  or  repulsion,  as  in  the 
case  of  paramagnetic  and  diamagnetic  bodies  :  the  action  of  gravity 
is  always  that  of  attraction.  As  a  further  consequence  of  the  differ- 
ence in  character  of  the  powers,  little  or  no  doubt  was  entertained 
regarding  the  existence  of  physical  lines  of  force*  in  the  cases  of 
dual  powers,  as  electricity  and  magnetism ;  but  in  respect  of  gravi- 

*  Proceedings  of  the  Royal  Institution,  June  11,  1S52,  p.  216;  also 
Phil.  Mag.  S.4. 1852,  vol.  iii.  p.  401. 
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tation  the  conclusion  did  not  seem  so  sure.  As  some  further  rela- 
tions of  the  sun  and  the  earth  would  have  finally  to  be  submitted, 
the  audience  were  reminded,  by  the  use  of  Arago's  idea,  of  the  rela- 
tive magnitude  of  the  two  ;  for,  supjiosing  that  the  centres  of  the 
two  globes  were  made  to  coincide,  the  sun's  body  would  not  only 
extend  as  far  as  the  moon,  but  nearly  as  far  again,  its  bulk  being 
about  seven  times  that  of  a  globe  which  should  be  girdled  by  the 
moon's  orbit. 

For  the  more  careful  study  of  the  magnetic  power  a  torsion- 
balance  had  been  constructed,  which  was  now  #hown  and  its  mode 
of  operation  explained.  The  torsion  wire  was  of  hard  drawn  pla- 
tinum, 24  inches  in  length,  and  of  such  diameter  that  '28"5  inches 
weighed  one  grain.  It  was  attached  as  usual  to  a  torsion-head  and 
index.  The  horizontal  beam  was  a  small  glass  tube  terminated  at 
the  object  end  by  a  glass  hook.  The  objects  to  be  submitted  to  the 
magnetic  force  were  either  cylinders  of  glass  with  a  filament  drawn 
out  from  each,  so  as  to  make  a  long  stiff  hook  for  suspension  from 
the  beam  ;  or  cylindrical  bulbs  of  glass,  of  like  shape,  but  larger 
size,  formed  out  of  glass  tube  ;  or  other  matters.  The  fine  tubular 
extremities  of  the  bulbs  being  opened,  the  way  through  was  free 
from  end  to  end  ;  the  bulbs  could  then  be  filled  with  any  fluid  or 
gas,  and  be  re-submitted  many  times  in  succession  to  the  magnetic 
force.  The  source  of  power  employed  was  at  first  a  large  electro- 
magnet ;  but  afterwards,  in  order  to  be  certain  of  a  constant  power, 
and  for  the  advantage  of  allowing  any  length  of  time  for  the  obser- 
vations, the  great  magnet,  constructed  by  M.  Logeman  upon  the 
principles  developed  by  Dr.  Elias  (and  which,  weighing  above  100 
lbs.,  could  support  430  lbs.  according  to  the  report  of  the  Great 
Exhibition  Jury),  was  purchased  by  the  Royal  Institution  and  used 
in  the  inquiries.  The  magnet  was  so  arranged  that  the  axis  of 
power  was  five  inches  below  the  level  of  the  glass  beam,  the  interval 
being  traversed  bv  the  suspension-filament  or  hook  spoken  of  above. 
The  form  and  position  of  the  terminations  of  soft  iron  are  shown  in 
plan  by  the  diagram  upon  a  scale  of  -^^,  and  also  the  place  of  the 
object.  All  this  part  is  enclosed 
in  the  box  which  belongs  to,  and 
carries  the  torsion-balance,  which 
box  is  governed  by  six  screws 
fixed  upon  the  magnet  table  ;  and 
as  both  the  box  and  the  table  have 
lines  and  scales  marked  upon  them,  ''"' 

it  is  easy  to  adjust  the  former  on 

the  latter  so  that  the  l)eam  shall  be  over  and  parallel  to  the  line 
a,  e  with  the  point  of  suspension  over  c ;  or,  by  moving  the  whole 
box  parallel  to  itself  towards  m,  to  give  the  point  of  suspension  any 
other  distance  from  the  angle  c.  As  already  said,  the  objects  were 
constructed  with  a  suspension  filament  of  such  length  as  to  make 
them  coincide  in  height  with  the  angle  in  the  magnetic  field.  When 
suspended  on  the  lieam,  they  were  counterpoised  by  a  ring  or  rings 
of  lead  on  the  further  arm  of  the  beam.     These  when  required  were 
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moved  along  the  beam  until  the  latter  was  horizontal ;  and  that  state 
was  ascertained  by  a  double  arm  support,  which  sustained  the  beam 
when  out  of  use,  brought  it  into  a  steady  state  when  moving,  and 
delivered  it  into  a  condition  of  freedom  when  required.  The  motion 
of  the  box  to  the  right  or  left,  so  as  to  place  the  object  in  the  middle 
of  the  magnetic  angle,  was  given  by  two  of  the  screws  before  spoken 
of;  the  motion  to  the  given  distance  from  c,  by  the  other  four. 

Supposing  the  distance  from  c  towards  m  to  be  adjusted  to  0*6  of 
an  inch,  when  the  beam  was  loaded  above,  and  no  object  before  the 
magnet  (the  beam  having  been  of  course  previously  adjusted  to  its 
normal  position,  and  the  torsion-index  placed  at  zero),  it  then 
remained  to  determine  the  return  of  the  beam  to  its  place  when  the 
object  had  been  suspended  on  it  and  repelled  :  this  was  done  in  the 
following  manner.  A  small  plane  reflector  is  fixed  on  the  beam, 
near  its  middle  part,  under  the  point  of  suspension  ;  a  small  tele- 
scope associated  with  a  divided  scale  is  placed  about  six  feet  from 
the  reflector,  and  in  such  a  position  that  when  the  beam  is  in  its 
right  place,  a  given  degree  in  the  scale  coincides  with  the  fine  wire 
in  the  telescope.  Of  course  the  scale  appears  to  piass  by  the  wire 
as  the  beam  itself  moves,  and  with  a  double  angular  velocity,  because 
of  the  reflexion.  As  it  is  easj'  to  read  to  the  fiftieth  and  even  to 
the  hundredth  of  an  inch  in  this  way,  and  as  each  degree  occupies 
apparently  2'4  inches  with  the  radius  of  6  feet,  so  an  angular  motion, 
or  dift'erence  of  o-i-o^h  of  a  degree,  could  be  observed  ;  and  as  the 
radius  of  the  arm  of  the  beam  carrying  the  object  was  6  inches,  such 
a  quantity  there  would  be  less  than  -n-^ig-odth  of  an  inch ;  i.  e.  the 
return  of  the  beam  to  its  first  or  normal  position  by  the  torsion  force 
put  on  to  counteract  the  repulsion,  could  be  ascertained  to  within 
that  amount.  AVhen  an  object  was  put  on  the  adjusted  beam,  if 
diamagnetic  it  was  repelled ;  and  then,  as  the  observer  sat  at  the 
telescope,  he,  by  means  of  a  long  handle,  a  wheel  and  pinion,  put 
on  torsion  until  the  place  of  the  beam  was  restored  ;  and  afterwards 
the  amount  of  torsion  read  off  on  the  graduated  scale  became  the 
measure  in  degrees  of  the  repulsive  force  exerted.  At  the  time  of 
real  observations,  the  magnet,  balance  and  telescope,  were  all  fixed 
in  a  basement  room,  upon  a  stone  floor.  But  it  is  unnecessary  to 
describe  here  the  numerous  precautions  required  in  relation  to  the 
time  of  an  observation,  the  set  of  the  suspension  wire  by  a  high 
torsion,  the  possible  electricity  of  the  object  or  beam  by  touch,  the 
effect  of  feeble  currents  of  air  within  the  box,  the  shape  of  the  object, 
the  precaution  against  capillary  action  when  fluids  were  employed 
as  media,  and  other  circumstances ;  or  the  use  of  certain  stops,  and 
the  mode  of  procedure  in  the  cases  of  joararaagnetic  action ; — the 
object  being  at  present  to  present  only  au  intelligent  view  of  the 
principles  of  action. 

When  a  body  is  submitted  to  the  power  of  a  magnet,  it  is  affected, 
as  (0  the  result,  not  merely  by  the  magnet,  but  also  by  the  medium 
surrounding  it ;  and  even  if  that  medium  be  changed  for  a  vacuum, 
the  vacuum  and  the  body  still  are  in  like  relation  to  each  other.  In 
fact  the  result  is  always  differential ;  any  change  in  the  medium 
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changes  the  action  on  the  object,  and  there  are  abundance  of  sub- 
stances -which  when  surrounded  b}'  air  are  repelled,  and  when  by 
water  are  attracted,  upon  the  approach  of  a  magnet.  When  a  cer- 
tain small  glass  cylinder  weighing  only  66  grains  was  submitted  on 
the  torsion-balance  to  the  Logeman  magnet  surrounded  by  air,  at 
the  distance  of  0"5  of  an  inch  from  the  axial  line,  it  required  15°  of 
torsion  to  overcome  the  repulsive  force  and  restore  the  object  to  its 
place.  When  a  vessel  of  water  was  put  into  the  magnetic  field,  and 
the  experiment  repeated,  the  cylinder  being  now  in  the  water  was 
attracted,  and  54°"5  of  torsion  were  required  to  overcome  this  attrac- 
tion at  the  given  distance  of  O'o.  If  the  vessel  had  contained  a 
fluid  exactly  equal  in  diamagnetic  power  to  the  cylinder  of  glass, 
neither  attraction  nor  repulsion  would  have  been  exerted  on  the 
latter,  and  therefore  the  torsion  would  have  been  0^.  Hence  the 
three  bodies,  air,  glass  (the  especial  specimen),  and  water,  have  their 
relative  force  measured  in  relation  to  each  other  by  the  three  expe- 
rimental numbers  15°,  0",  and  54°*5.  If  other  fluids  are  taken, 
as  oil,  aether,  &c.,  and  employed  as  the  media  surrounding  the  same 
glass  cylinder,  then  the  degrees  of  torsion  obtained  with  each  of 
them  respectively,  shows  its  jdace  in  the  magnetic  series.  It  is  the 
principle  of  the  hydrometer  or  of  Archimedes  in  respect  of  gravity 
ai)j)lied  in  the  case  of  the  magnetic  forces.  If  a  difterent  cylinder 
be  employed  of  another  size  or  substance,  or  at  a  diff"erent  distance, 
the  torsion  numbers  will  be  difterent,  and  the  zero  (given  by  the 
cylinder)  also  difterent ;  but  the  media  (with  an  exception  to  be 
made  hereafter)  will  have  the  same  relation  to  each  other  as  in  the 
former  case.  Therefore  to  bring  all  the  experimental  results  into 
one  common  relation,  a  Centigrade  scale  has  been  adopted  bounded 
by  air  and  water  at  common  temperatures,  or  60^  F.  For  this  pur- 
pose every  separate  series  of  results  made  under  exactly  the  same 
circumstances  included  air  and  water;  and  then  all  the  results  of 
one  series  were  multiplied  by  such  a  number  as  would  convert  the 
diff'erence  between  air  and  water  into  100°  ;  in  this  way  the  three 
results  given  above  become  21°-6,  0°,  and  78°-4.  By  such  a  pro- 
cess the  magnetic  intervals  between  the  bodies  are  obtained  on  the 
Centigrade  scale,  but  the  true  zero  is  not  as  yet  determined.  Either 
w'ater,  or  air,  or  the  glass,  may  be  assumed  as  the  zero,  the  intervals 
not  being  in  any  way  dependent  upon  that  point,  but  the  results 
will  then  vary  in  expression  thus : — 


Air     .     . 

0 

21-6 

100 

Glass 

.       21-6 

0 

78-4 

Water     . 

.     100 

78-4 

0 

all  above  the  zero  being  paramagnetic,  and  all  below  diamagnetic  in 
relation  to  it.  I  have  adopted  a  vacuum  as  the  zero  in  the  table  of 
results  to  be  given  hereafter. 

In  this  manner  it  is  evident  that,  upon  principle,  any  solid,  what- 
ever its  size,  shape,  or  quality,  maj-  be  included  in  the  list,  by  its 
subjection  to  a  magnet  in  air  and  in  water,  or  in  fluids  already 
related  to  these  :  also  that  anv  fluids  mav  be  included  bv  the  use  of 
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the  same  immersed  solid  body  for  them,  air  and  water ;  and  also 
that  by  using  the  same  vessel,  as,  for  instance,  the  same  glass  bulb, 
and  tilling  it  successively  with  various  gases  and  fluids,  including 
always  air  and  water  in  each  series,  these  included  bodies  may  then 
have  their  results  reduced  and  l)e  entered  upon  the  list.  The  fol- 
lowing is  a  table  of  some  substances  estimated  on  the  Centigrade 
scale  ;  and  though  there  are  many  points  both  of  theory  and  practice 
yet  to  be  wrought  out,  as  regards  the  use  of  the  torsion-balance 
described,  so  that  the  results  can  only  be  recorded  as  approxima- 
tions, yet  even  now  the  average  of  three  or  four  careful  experiments, 
gives  an  exjjression  for  any  j)articular  substance  under  the  same  con- 
ditions of  distance,  power,  &c.  near  upon  and  often  within  a  degree 
of  the  place  assigned  to  it.  The  powers  are  expressed  for  a  distance 
of  06  of  an  inch  from  the  magnetic  axis  of  the  magnet  as  arranged 
and  described,  and,  of  course,  for  equal  volumes  of  the  bodies  men- 
tioned. The  extreme  decimal  places  must  not  be  taken  as  indicating 
accuracy,  except  as  regards  the  record  of  the  experiments :  they  are 
the  results  of  calculation.  Hydrogen,  nitrogen,  and  perhaps  some 
other  of  the  bodies  near  zero,  may  ultimately  turn  out  to  be  as  a 
vacuum ;  it  is  evident  that  a  very  little  oxygen  would  produce  a  dif- 
ference, such  as  that  which  ajipears  in  nitrogen  gas.  The  first  solu- 
tion of  copper  mentioned  was  colourless,  and  the  second  the  same 
solution  oxidized  by  simple  agitation  in  a  bottle  with  air,  the  copper, 
ammonia  and  water,  being  in  both  the  same. 


Prot-ammo.  of  copper  .  134'23 
Per-ammo.  of  copper  .  119"83 
Oxygen 17'5 


Air 
Olefiant  gas 
Nitrogen     .     . 
Vacuum 

Carbonic  acid  gas 
Hydrogen  . 
Ammonia  gas 
Cyanogen   . 
A  glass 
Pure  zinc    . 
^Ether  .      .      .      . 
Alcohol  absolute  . 
Oil  of  lemons 


3-4 

0-6 

0-3 

00 

00 

0-1 

0-5 

0-9 

18-2 

74-6 

75-3 

78-7 

80 


Camphor 
Camphine 

Linseed  oil     .     .     . 
Olive  oil    . 

Wax 

Nitric  acid 
Water       .... 
Solution  of  ammonia 
Bisulphide  of  carbon 
Sat.  sol.  nitre 
Sulphuric  acid     . 
Sulphur     .... 
Chloride  of  arsenic 
Fused  borate  lead 
Phosphorus     . 
Bismuth     .... 


82 

82 

85 

85 

86 

87 

96 

98 

99 
100 
104 
118 
121-73 
136-6 

1967-6 


•59 

•96 

•56 

-6 

-73 

•96 

•6 

•5 

•64 

•08 

•47 


Pliicker  in  his  very  valuable  paper*  has  dealt  with  bodies  which 
are  amongst  the  highly  paramagnetic  substances,  and  his  estimate 
of  power  is  made  for  equal  weights. 

One  great  object  in  the  construction  of  an  instrument  delicate  as 
that  described,  was  the  investigation  of  certain  points  in  the  philo- 
sojjhy  of  magnetism  ;  and  amongst  them  especially  that  of  the  right 
application  of  the  law  of  the  inverse   square  of  the  distance  as  the 

*  Taylor's  Scientific  Memoirs,  vol.  v.  pp.  713,  730. 
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universal  law  of  magnetic  action.  Ordinary  magnetic  action  may- 
be divided  into  two  kinds ;  that  between  magnets  permanently 
magnetized  and  unchangeable  in  their  condition,  and  that  between 
bodies  of  which  one  is  a  permanent  unchangeable  magnet,  and  the 
other,  having  no  magnetic  state  of  its  own,  receives  and  retains  its 
state  only  whilst  in  subjection  to  the  first.  The  former  kind  of  action 
appears  in  the  most  rigid  and  pure  cases  to  be  subject  to  that  law; 
but  it  would  be  premature  to  assume  beforehand,  and  without  abun- 
dant sufficient  evidence,  that  the  same  law  applies  in  the  second  set 
of  cases  also  ;  for  a  hasty  assumption  might  be  in  opposition  to  the 
truth  of  nature,  and  therefore  injurious  to  the  progress  of  science,  by 
the  creation  of  a  preconceived  conclusion.  We  know  not  whether 
such  bodies  as  oxygen,  copper,  water,  bismuth,  &c.,  owe  their  re- 
spective j)aramagnetic  and  diamagnetic  relation  to  a  greater  or  less 
facility  of  conduction  in  regard  to  the  lines  of  magnetic  force,  or  to 
something  like  a  polarity  of  their  particles  or  masses,  or  to  some  as 
yet  unsuspected  state  ;  and  there  is  little  hope  of  our  developing  the 
true  condition,  and  therefore  the  cause  of  magnetic  action,  if  we 
assume  beforehand  the  unproved  law  of  action  and  reject  the  expe- 
riments that  already  bear  upon  it ; — for  Pliicker  has  distinctly  stated 
as  the  fact,  that  diamagnetic  force  increases  more  rapidly  than  mag- 
netic force,  when  the  power  of  the  dominant  magnet  is  increased  ; 
and  such  a  fact  is  contrary  to  the  law  above  enunciated.  The  fol- 
lowing are  further  results  in  relation  to  this  point. 

When  a  body  is  submitted  to  the  great  unchanging  Logeman 
magnet  in  air  and  in  water,  and  the  results  are  reduced  to  the  Centi- 
grade scale,  the  relation  of  the  three  substances  remain  the  same 
for  the  same  distance,  but  not  for  different  distances.  Thus  when 
a  given  cylinder  of  flint-glass  was  submitted  to  the  magnet  sur- 
rounded by  air  and  by  water,  at  the  distance  of  0*3  of  an  inch,  as 
already  described,  it  proved  to  be  diamagnetic  in  relation  to  both  ; 
and  wlaen  the  results  were  corrected  to  the  Centigrade  scale,  and 
water  made  zero,  it  was  9°'l  below,  or  on  the  diamagnetic  side  of 
water.  At  the  distance  0*4  of  an  inch  it  was  10°"6  below  water: 
at  the  distance  of  0'7  it  was  12°'l  below  water.  When  a  more  dia- 
magnetic body,  as  heavy  glass,  was  employed,  the  same  result  in  a 
higher  degree  was  obtained  ;  for  at  the  distance  of  03  it  was  37°"8 
below  water,  and  at  that  of  08  it  was  48°'6  beneath  it.  Bismuth 
presented  a  still  more  striking  case,  though,  as  the  volume  of  the 
substance  was  necessarily  small,  equal  confidence  cannot  be  placed 
in  the  exactitude  of  the  numbers.  The  results  are  given  below  for 
the  three  substances,  air  being  always  100°  and  water  0°  ;  the  first 
column  of  figures  for  each  substance  contains  the  distance*  in  tenths 

*  A  given  change  of  distance  necessarily  iini)lics  change  in  degree  of 
force,  and  change  ni  the  forms  of  the  lines  of  force  ;  but  it  docs  not  imply 
always  the  same  amount  of  change.  The  forces  are  not  the  same  at  the 
same  distance  of  0  4  of  an  inch  iu  opposite  directions  from  the  axial  line 
towards  m  and  n  in  the  figure,  p.  21!),  nor  at  any  other  equal  moderate 
distance  ;  and  though  by  increase  and  iliniinution  of  distance  the  change  is 
in  the  same  direction,  it  is  not  in  the  same  proportion.  By  fitly  lurauged 
terminations,  it  may  be  made  to  alter  with  extreme  rapidity  in  one  direc- 
tion, and  with  extreme  slowness  or  not  at  all  in  another. 
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of  an  inch  from  the  axial  line  of  the  magnetic  fiekl,  antl  the  second, 
the  place  in  Centigrade  magnetic  degrees  helow  water. 


riiut-Glass. 

0-3—  9-1 
0-4-10-6 
0-5-111 


Heavy  Glass. 

0-3-37-8 
0-4-38'6 
0-6-40-0 
0-6-11-2  I  0-8-48-6 

0-7-12-1  1-0-51-5 


Bismuth. 

O-G-1871 
10-2734 
l-o  — 3626 


I  1-2-65-6 

The  result  here  is  that  the  greater  the  distance  of  the  diamag- 
netlc  bodies  from  the  magnet,  the  more  diamaguetic  is  it  iu  relation 
to  water,  taking  the  interval  between  water  and  air  as  the  standard  : 
and  it  would  further  appear,  if  an  opinion  may  be  formed  from  so 
few  experiments,  that  the  more  diamagnetic  the  body  compared  to 
air  and  water,  the  greater  does  this  difference  become.  At  first  it 
was  thought  possible  that  the  results  might  be  due  to  some  previous 
state  induced  upon  the  body,  by  its  having  been  nearer  to  or  further 
from  the  magnet;  but  it  was  found  that  whether  the  jirogress  of  the 
experiments  M'as  from  small  to  large  distances,  or  the  reverse  ;  or 
whether,  at  any  given  distance,  the  object  was  previous  to  the  mea- 
surement held  close  up  to  the  magnet  or  brought  from  a  distance, 
the  results  were  the  same  ; — no  evidence  of  a  temporary  induced 
state  could  in  any  of  these  ways  be  found. 

It  does  not  follow  from  the  experiments,  if  they  should  be  sus- 
tained by  future  researches,  that  it  is  the  glass  or  the  bismuth  only 
that  changes  in  relation  to  the  other  two  bodies.  It  may  be  the 
oxygen  of  the  air  that  alters,  or  the  water,  or  more  probably  all  these 
bodies ;  for  if  the  result  be  a  true  and  natural  result  in  these  cases, 
it  is  ])robably  common  to  all  substances.  Tlie  great  point  is  that 
the  three  bodies  concerned,  air,  water,  and  the  subject  of  the  expe- 
riment, alter  in  the  degree  of  their  magnetic  relations  to  each  other ; 
at  different  given  distances  from  the  magnet  the  ratio  of  their  mag- 
netic power  does  not,  according  to  the  experiments,  remain  the 
same  ;  and  if  that  result  be  confirmed,  then  it  cannot  be  included  by 
a  law  of  action  which  is  inversely  as  the  square  of  the  distance.  A 
hydrometer  floating  in  a  fluid  and  subject  to  the  gravity  of  the  earth 
alone,  would  (other  things  being  the  same)  stand  at  the  same  point, 
whether  at  the  surface  of  the  earth,  or  removed  many  diameters  of 
the  earth  from  it,  because  the  action  of  gravity  is  inversely  as  the 
square  of  the  distance  ;  but  if  we  suj)pose  the  substance  of  the  hy- 
drometer and  the  fluid  to  differ  magnetically,  as  M'ater  and  bismuth 
does,  and  the  earth  to  act  as  a  magnet  instead  of  by  gravity,  then 
the  hydrometer  would,  according  to  the  experiments,  stand  at  a  dif- 
ferent point  for  diff'erent  distances,  and  if  so  could  not  be  subject  to 
the  former  law. 

The  cause  of  this  variation  in  the  ratio  of  the  substances  one  to 
another,  if  it  be  finally  proved,  has  still  to  be  searched  out.  It  may 
depend  in  some  manner  u])on  the  forms  of  the  lines  of  magnetic 
force,  which  are  diff'erent  at  different   distances ;  or  not  upon  the 
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forms  of  the  lines  but  the  amount  of  power  at  the  different  distances  ; 
or  not  upon  the  mere  amount,  hut  on  the  circumstance  that  in  every 
case  the  body  submitted  to  experiment  has  lines  of  different  degrees 
of  force  passing  through  different  parts  of  it  (for  however  different 
the  magnetic  or  diamagnetic  conditions  of  a  body  and  the  fluid  sur- 
rounding it,  they  would  not  move  at  all  in  relation  to  each  other  in 
a  field  of  equal  force)  ;  but  whatever  be  the  cause,  it  will  be  a  con- 
comitant of  magnetic  actions  ;  and  therefore  ought  to  be  included  in 
the  results  of  any  law  by  which  it  is  supposed  that  these  actions  are 
governed. 

It  has  not  yet  been  noticed  that  these  general  results  appear  to  be 
in  direct  opposition  to  those  of  Pliicker,  who  finds  that  diamagnetic 
power  increases  more  rapidly  than  magnetic  power  with  increase  of 
force.  But  such  a  circumstance,  if  both  conclusions  be  accordant 
with  facts,  only  shows  that  we  have  yet  a  great  deal  to  learn  about 
the  physical  nature  of  this  force  ;  and  we  must  not  shut  our  eyes  to 
the  first  feeble  glimpses  of  these  things,  because  they  are  inconsistent 
on  both  sides  with  our  assumed  laws  of  action  ;  but  rather  seize 
them,  as  hoping  that  they  will  give  us  the  key  to  the  truth  of  nature. 
Bodies  when  subject  to  the  power  of  the  magnet  a])pear  to  acquire 
a  new  physical  state,  which  varies  with  the  distance  or  the  power  of 
the  magnet.  Each  body  may  have  its  own  rate  of  increase  and  de- 
crease ;  and  that  may  be  such  as  to  connect  the  extreme  effect  of 
Pliicker,  amongst  paramagnetic  bodies  on  the  one  hand,  and  the 
extreme  effects  amongst  diamagnetic  bodies  now  descriljed,  on  the 
other ;  and  when  we  understand  all  this  rightly,  we  may  see  the 
apparent  contradiction  become  harmony,  though  it  may  not  conform 
to  the  law  of  the  inverse  square  of  the  distance  as  we  now  try  to 
apply  it. 

Pliicker  has  already  said,  because  of  his  observations  regarding 
paramagnetic  and  diamagnetic  force,  that  no  correct  list  of  magnetic 
substances  can  be  given.  The  same  consequence  follows,  though  iu 
a  different  direction  from  what  has  now  been  stated,  and  hence  the 
reservation  before  made  (p.  221).  Still  the  former  table  is  given  as 
an  approximation,  and  it  may  be  useful  for  a  time.  Before  leaving 
this  first  account  of  recent  experimental  researches,  it  may  be  as  well 
to  state  that  they  are  felt  to  be  imperfect  and  may  perhaps  even  he 
overturned  ;  but,  that  as  such  a  result  is  not  greatly  anticipated,  it 
was  thought  well  to  present  them  to  the  Members  of  the  Royal  In- 
stitution and  the  scientific  world,  if  peradventure  they  might  excite 
criticism  and  experimental  examination,  and  so  aid  in  advancing  the 
cause  of  physical  science. 

On  a  former  occasion*  the  existence  oi physical  lines  of  force  in 
relation  to  magnetism  and  electricity  was  inferred  from  the  dual 
nature  of  these  j.owers,  and  the  necessity  in  all  cases  and  at  all  times 
of  a  relation  and  dependence  between  the  polarities  of  the  magnet, 
or  the  positive  and  negative  electrical  surfaces.  With  respect  to 
gravity  a  more  hesitating  opinion  was  expressed,  because  of  the  dif- 

*  Proceedings  of  the  Royal  Institution,  j).  21  fi. 
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ficulty  of  obsemng  facts  having  any  relation  to  time,  and  because 
two  gravitating  {)articles  or  masses  did  not  seem  to  have  any  neces- 
sary dependence  on  each  other,  for  the  existence  or  excitement  of 
their  mutual  power*.  On  the  present  occasion  a  passage  was  quoted 
from  Newton  which  had  since  been  discovered  in  his  works,  and 
which,  showing  that  he  was  an  unhesitating  believer  in  physical 
lines  of  gravitating  foixe,  must  from  its  nature  rank  him  amongst 
those  who  sustain  the  physical  nature  of  the  lines  of  magnetic  and 
electrical  force;  it  is  as  follows,  in  words  w'ritten  to  Bentleyf: 
"  'I'hat  gravity  should  be  innate,  inherent  and  essential  to  matter,  so 
that  one  body  may  act  upon  another  at  a  distance  through  a  vacuum, 
without  the  mediation  of  anything  else,  by  and  through  which  their 
action  and  force  may  be  conveyed  from  one  to  another,  is  to  me  so 
great  an  absurdity,  that  1  believe  no  man  who  has  in  philosophical 
matters  a  competent  faculty  of  thinking,  can  ever  fall  into  it.  Gra- 
vity must  be  caused  by  an  agent  acting  constantly  according  to  cer- 
tain laws  ;  but  whether  this  agent  be  material  or  immaterial,  I  have 
left  to  the  consideration  of  my  readers." 

Finally,  reference  was  made  to  Sabine's  remarkable  observation, 
sustained  as  it  has  been  by  Wolf,  Gautier  and  others,  of  certain 
coincidences  existing  between  the  appearance  of  solar  spots  and  the 
diurnal  variation  of  the  magnetism  of  the  earth.  Schwabe  has 
been  engaged  in  carefully  observing  the  spots  on  the  sun  since  the 
year  1826.  He  has  found  them  gradually  to  increase  in  number  and 
size  from  year  to  year,  and  then  decrease  ;  then  again  increase,  again 
to  decrease,  and  so  on  in  a  regular  period  of  about  ten  years.  The 
following  is  a  part  of  his  table :t  giving  the  years  of  the  maxima  and 
minima  of  spots  : — 


1826 

Groups  in  the 
year. 

Days  of  no 
spots. 

Days  of 
observation 

1828 

225 

0 

282 

1833 

33 

139 

267 

1837 

333 

0 

168 

1843 

34 

149 

312 

1848 

330 

0 

278 

1851 

Laraont  (Dec.  1851)§  was  induced  by  recent  researches  in  atmo- 
spheric magnetism,  to  examine  the  daily  magnetic  variation  in 
declination,  and  found  that,  as  a  whole,  it  increased  and  diminished, 
and  then  increased  again,  having  a  regular  variation  of  about  ten 
years:  the  year  1844  was  given  as  having  a  minimum  variation  of 


*  Phil.  Mag.  S.  4. 1852,  vol.  iii.  p.  403  (3246). 

t  Newton's  Works,  Horsley's  edition,  4to,  1783,  vol.  iv.  p.  438,  or  the 
Third  Letter  to  Bentley. 

X  Humboldt's  Cosmos,  iii.  p.  291,  292.  Bibliotheque  Universelle,  1852, 
XX.  p.  184. 

§  Poggendorff's  Annalen,  Ixxxiv.  p.  572.     [Phil.  Mag.  Jime,  1852.] 
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6'"61,  and  the   year  1848  as   presenting  a  maximum  variation   of 
ll'lo. 

Sabine*  (March,  1852),  in  searching  for  periodical  laws  amongst 
the  mean  effects  of  the  larger  magnetic  disturbances,  found  a  simul- 
taneous period  of  increase  and  decrease  botii  at  Hobarton  and  To- 
ronto, on  opposite  sides  of  the  globe  ;  the  minimum  effect  was  in 
1843,  and  the  maximum  effect  in  1848,  according  therefore  almost 
exactly  with  Lament's  observations  at  Munich.  But,  besides  that, 
he  pointed  out  the  extraordinary  circumstance  that  this  similar  vari- 
ation of  the  daily  magnetic  declination  is  the  same  in  length  of  period 
as  that  discovered  by  M.  Schwabe  for  the  solar  sjjots  ;  and  still  more, 
that  the  maxima  and  minima  of  these  two  most  different  phsenomena 
coincide  ;  for  1843  presents  the  least  diurnal  variation  and  the 
smallest  number  of  solar  spots,  and  1848  the  largest  magnetic 
variation  and  the  greatest  number  of  solar  observations.  He  has 
also  observed  that  the  same  period  of  increase  and  decrease  exists 
with  the  same  epochs  in  the  diurnal  variation  of  the  magnetic  incli- 
nation of  the  earth's  m.agnetic  force  in  both  hemisjjheres.  The 
phsenomenon  is  general  both  as  regards  all  the  magnetic  elements, 
and  in  parts  of  the  globe  most  distant  from  each  other. 

Gautier  appears  to  have  been  struck  with  the  same  coincidence, 
but  did  not  publish  his  idea  until  July  1852  f-  Wolf  of  Berne,  who 
has  sought  far  into  the  history  of  the  sun  spots,  had  the  same 
thought,  publishing  it  first  at  the  end  of  July  or  beginning  of 
August  1852+.  He  endeavours  to  trace  the  general  condition  of 
the  spots  from  the  year  1600,  and  concludes  that  the  true  length  of 
the  period  is  II' 11  years.  As  it  is  impossible  to  conceive  such  a 
coincidence  in  the  length  of  the  period  and  the  time  of  the  maxima 
and  minima  of  these  two  greatly  differing  phsenomena,  without 
belie\nng  in  some  relation  of  them  to  a  common  cause ;  so,  the 
observation  of  such  a  coincidence  at  this  moment  ought  to  urge  us 
more  than  ever  into  an  earnest  and  vigorous  investigation  of  the 
true  and  intimate  nature  of  magnetism  ;  by  means  of  which  we  now 
have  hopes  of  touching  in  a  new  direction,  not  merely  this  remark- 
able force  of  the  earth,  but  even  the  like  powers  of  the  sun  itself. 


XXXVI .  Intelligence  and  Miscellaneous  Articles. 

NOTICES  OF  THE  SUPERPOSITION  OF  CERTAIN  MINERALS  IN 

SOME   MINING  DISTRICTS  OF  GERMANY^. 

nPHE  following  interesting  addition  to  our  knowledge  of  the  con- 

■*-       ditions  whi.h  accompany  some  of  the  rarer  minerals,  forms 

an  appendix  to  a  translation  of  Mr.  Henwood's  inquiries  on  the  same 

subject  in  the  mines  of  Cornwall  and  Devon||. 

*  Philoso)>hical  Transactions,  1852,  p.  103. 

t  Bibliothique  JJnii'erseUe,  1852,  xx.  1S9. 

+  Proceedings  of  Natural  Society  of  Berne,  Nos.  2-15-247. 

§  Ganystudien  oJer  Beitrixfje  zur  Kenntniss  der  Erzgiinge.  Herausgegeben 
von  B.  Cotta,  Dr.  Ph.  und  Professor  der  Geoqnosie  in  Frtibera,  vol.  ii. 
Heft  1.  p.  120. 

II  Lond.  Ediub.  ami  Dub.  PhU.  Mag.  S.  3.  vol.  xsix.  p.  359  (,1846). 
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Mr.  Surveyor  Giimbel  of  St.  Ingbert  notices  the  following  order 
of  succession  amongst  the  ingredients  of  the  quicksilver  veins  which 
traverse  the  carboniferous  formation  of  the  Palatinate. 


Mineral  adjoining 
wall  of  lode. 


mineral  resting  on 
that  in  first  column. 


Hornstoue  . 
Hornstone  . 
Hornstonc  . 
Iron  pyrites  . 

Hornstone    Cinnabar 

Hornstone     jCinnabar, 

Sulphate  of  barytes  Cinnabar 


Sulphate  of  barytes. 

Semi-opal 

Fluor 

Cinnabar 


Mineral  resting  on 

that  in  second 

column. 


Iron  pyrites 

Quartz  

Calc-spar 

Sulphate  of  barytes. 
Native  mercury  . . . 


Mineral  resting  on  Mineral  resting  on 
that  in  third  that  in  fourth 

,  column.  column. 


Cinnabar . 
Cinnabar . 
Quartz . .  . 
Quartz. 


Professor  Breithuupt,  who  has  long  studied  this  subject,  has 
obsei'ved  the  following  superposition  of  minerals  in  the  metalli- 
ferous veins  of  Saxony,  Bohemia  and  Hanover  : — 

At  Zinnwald  in  the  Erzgebirge; — containing  rock — Gneiss. 
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ON  THE  PRESENCE  OF  BORACIC  ACID  IN  THE  THERMAL  WATERS 
CONTAINING  ALKALINE  SULPHURETS  AT  d'oLETTE  (EASTERN 
PYRENEES).       BY  JULES  BONIS. 

The  progress  of  analytical  chemistry  is  continually  making  known 
to  us  the  presence  of  substances  in  the  water  of  springs,  which  may 
to  a  certain  extent  account  for  their  effects  either  in  agriculture  or 
therapeutics.  During  the  last  few  years  a  number  of  very  important 
investigations  have  been  made  upon  this  subject,  and  it  is  only  by 
means  of  the  consideration  of  a  great  number  of  experiments  and 
well-established  facts  that  we  have  arrived  at  a  knowledge  of  the 
true  nature  and  mode  of  formation  of  mineral  waters. 

H.  Rose  has  recently  proposed  a  method  for  detecting  the  pre- 
sence of  very  minute  quantities  of  free  or  combined  boracic  acid  in 
solution,  by  taking  advantage  of  the  reaction  which  it  gives  with 
turmeric  paper. 

The  analogy  which  exists  in  certain  respects  between  the  waters 
of  the  Pyrenees  and  those  of  Tuscany  induced  me  to  seek  for  boracic 
acid  in  the  former,  and  I  selected  the  waters  of  Olette  as  being  the 
type  of  sulphuretted  waters  discharged  at  the  earth's  surface  with  a 
high  temperature.  These  waters  issue  from  a  quartzose  and  fel- 
spathic  rock,  which  is  decomposed  under  their  influence,  giving  rise 
to  products  which  I  shall  bring  before  the  Academy  upon  a  subse- 
quent occasion. 

In  order  to  detect  the  presence  of  boracic  acid  in  a  mineral  water, 
I  evaporate  a  certain  quantity  in  a  porcelain  capsule  and  acidulate 
the  residue  with  hydrochloric  acid,  when  if  boracic  acid  is  present 
it  communicates  to  turmeric  ])aper  the  characteristic  red  colour. 
Generally  speaking,  the  simjile  coloration  is  not  sufficient  evidence 
of  its  presence  ;  and  notwithstanding  the  opinion  of  H.  Rose,  so 
competent  and  alwa3'S  so  conscientious  an  authority  on  subjects  con- 
nected with  analysis,  I  was  desirous  of  convincing  myself  of  the  effi- 
cacy of  this  reagent  by  repeated  trials.  I  first  ascertained  that  water 
containing  carbonates  of  potash  and  soda  did  not,  m  hen  evaporated 
in  a  porcelain  capsule,  give  the  least  red  colour  with  turmeric  paper, 
after  the  addition  of  hydrochloric  acid  ;  I  have  obtained  the  same 
result  with  silicate  of  potash,  sulphate  of  soda,  sulphuret  of  sodium, 
and  chloride  of  sodium.  Finally,  I  made  an  artificial  water  having 
the  same  comi)osition  as  that  in  which  I  suspected  the  presence  of 
boracic  acid  ;  and  on  operating  with  it  in  precisely  the  same  maimer 
as  with  the  natinal  water,  obtained  a  negative  result. 

For  the  purpose  of  bringing  out  the  colour  in  a  marked  manner,  I 
dip  the  paper  into  the  liquid  to  be  tested,  previously  acidulated  ;  I 
then  dry  it  and  repeat  this  ojieration  several  times,  at  last  pouring 
over  the  paper  some  water  faintly  acidulated  with  hydrochloric  acid, 
which  deepens  the  colour.  Characters  drawn  with  acidulated  water 
upon  the  paper  thus  prepared  become  perfectly  legible. 

The  sensibility  of  this  test  is  such  that  I  was  enabled  to  detect 
the  presence  of  boracic  acid  in  the  waters  of  Olette  by  evaporating 
500  cubic  centimetres  in  a  jilatiuum  capsule  ;  and  to  judge  from  the 
colour  communicated  to  the  paper,  I  should  say  that  the  quantity  of 
borate  is  considerable.     As  to  the  possibility  of  extracting  this  acid 
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with  advantage,  I  cannot  offer  an  opinion  until  I  have  made  a  quan- 
titative determination.  It  is  jjrobable  that  the  acid  exists  in  combina- 
tion with  soda,  as  in  the  waters  occurring  in  China,  Persia  and  Peru. 
In  the  water  of  the  Tuscan  higoons,  on  the  contrary,  it  is  in  a  free  state. 
The  alkaUnity  of  thermal  waters  issuing'  from  granitic  rocks  and 
containing  silica  in  solution,  frequently  in  considerable  quantity, 
induces  me  to  conjecture  that  they  likewise  contain  boracic  acid,  I 
shall  for  the  present  limit  myself  to  pointing  out  its  existence  in  the 
waters  of  Olette,  and  on  a  future  occasion  will  resume  this  subject. 
— Comptes  Rendus,  January  1853,  p.  239. 

ox  THE  PRESENCE  OF  BORACIC  ACID  IN  THE  MINERAL  WATERS 
OF  WIESBADEN  AND  AIX  LA  CHAPELLE,  BY  R.  FRESENIUS 
AND  R,  WILDENSTEIN. 

It  was  not  improbable  that  some  thermal  waters  contain  boracic 
acid  as  the  waters  of  cold  springs  contain,  besides  iron,  manganese 
and  zincJ,  but  hitherto  there  was  no  sufficiently  delicate  test  for  this 
acid,  and  in  many  cases  it  was  not  sought  for  in  the  analysis  of  ther- 
mal waters.  Taking  advantage  of  the  process  recommended  by  H. 
Rose,  Professor  Fresenius  has  succeeded  in  detecting  boracic  acid  in 
the  water  of  the  "  Kochbrunnen,"  at  Wiesbaden,  and  this  result  in- 
duced Wildenstein,  one  of  his  pupils,  to  examine  the  water  of  the 
Kaiserquelle  at  Aix  la  Chapelle,  which  was  also  found  to  contain  it. 
— Journ.Jiir  Prakt.  Chem.  vol.lv.  pp.  163,  1C5. 


ON  THE  PER-CENTAGE  OF  ZINC  IN  BRASS  AND  BRONZE,  AND  THE 
SEPARATION  OF  ZINC  FROM  COPPER.       BY  M.   BOBIERRE. 

My  researches  on  the  composition  of  the  alloys  intended  for  the 
sheathing  of  vessels  have  led  me  to  examine  the  chemical  compo- 
sition of  the  brass  used  for  the  navy.  I  soon  found  that  the  separa- 
tion of  zinc  from  copper  presents  numerous  difficulties,  and  that  the 
methods  hitherto  adopted  are,  if  not  insufficient,  at  least  ill-calculated 
to  furnish  accurate  results  in  all  cases. 

The  analytical  method  which  I  am  about  to  describe  is  based  upon 
the  known  facts  that  zinc  is  volatile,  and  that  its  vapour  is  readily 
carried  off  by  a  current  of  hydrogen.  The  alloy  of  copper  and  zinc 
is  exposed  to  a  red  heat  for  three-quarters  of  an  hour  or  more  in  a 
small  porcelain  tray,  and  a  current  of  hydrogen  passed  over  it.  By 
the  apphcation  of  this  means  in  a  great  number  of  instances  I  have 
invariably  ol^tained  results  possessing  a  remarkable  degree  of  accuracy. 

I  have  further  ascertained  that,  under  these  circumstances,  lead  is 
not  volatilized,  so  that  the  presence  of  this  metal  in  a  specimen  of 
brass  or  bronze  does  not  affect  the  accuracy  of  the  results.  Alloys 
of  zinc  and  iron  may  be  analysed  very  rajjidl}^  by  means  of  the  above 
process.  —  Comptes  Rendus,  January  1853,  p.  224. 


ON  THE  PRESENCE  OF  SUGAR  IN  THE  URINE  OF  EPILEPTIC 
PATIENTS.       BY  MM.  MICHEA  AND  ALVARO  REYNOSO, 

That  the  urine  passed  by  epileptics,  after  their  attacks,  contains 
sugar,  is  a  fact  which  has  been  proved  by  a  great  number  of  experi- 
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merits.  However,  none  of  the  usual  tests  are  calculated  to  detect 
its  presence  in  this  excretion.  Solution  of  potash,  which  is  generally 
sufficient  to  indicate  the  presence  of  sugar  in  diahetic  urine,  produces 
no  reaction  with  epileptic  urine.  The  saccharometer  is  not  of  much 
value,  being  neither  sufficiently  sensitive  nor  convenient. 

The  most  advantageous  and  decisive  processes  are  fermentation 
and  Barreswil's  liquid.  In  order  to  obtain  good  and  trustworthy 
results  with  the  latter,  several  precautions  are  necessary  before  using 
it.  The  urine  must  be  treated  first  with  acetate  of  lead,  which  pre- 
cipitates the  other  organic  substances  ;  then  with  carbonate  of  soda, 
which  removes  the  lead  ;  after  concentrating  the  urine,  Barreswil's 
test  is  added  and  the  liquid  boiled.  Without  these  precautions  the 
results  are  never  decisive,  and  reactions  are  sometimes  produced 
which  would  appear  to  indicate  the  presence  of  sugar  when  the  urine 
does  not  contain  a  trace. — Comptes  Rendus,  January  1853,  p.  230. 


METEOROLOGICAL  OBSERVATIONS  FOR  JAN.  1853. 

Chiswick. — January  1.  Densely  overcast.  2.  Rain.  3.  Fine.  4.  Boisterous,  with 
raiu.  5.  Fine  :  exceedingly  fine  in  forenoon  :  clear  at  night.  6  Fine  :  cloudy  and 
boisterous.  7.  Rain  :  boisterous,  with  constant  heavy  rain.  8.  Fine.  9.  Fine,  with 
bright  sun.  10.  Rain.  11.  Clear:  overcast.  12.  Boisterous,  with  heavy  showers. 
13.  Densely  clouded :  very  fine  :  clear.  14.  Clear:  fine:  overcast.  15.  Rain: 
clear  at  night.  16.  Fine:  rain:  hazy.  17.  Cloudy:  clear  at  night.  18.  Fine: 
clear:  frosty  at  night.  19.  Uniformly  overcast :  drizzly  :  very  boisterous  at  night. 
20.  Densely  clouded  and  boisterous  :  rain.  21.  Hazy  :  cloudy  :  showery.  22. 
Cloudy :  clear  and  cold :  hurricane,  without  rain  at  night.  23.  Overcast  and  cold  : 
clear.  24.  Overcast  throughout.  23.  Foggy.  26.  Foggy :  fine  :  cloudy.  27.  Fine: 
densely  clouded  :  rain  at  night.  28.  Overcast :  cloudy.  29.  Overcast  throughout. 
30.  Overcast:  rain  at  night.  31.  Clear  and  frosty  :  very  fine,  with  bright  sxm  : 
foggy  at  night. 

Mean  temperature  of  the  month  40°*85 

Mean  temperature  of  Jan.  1832         39  "GG 

Mean  temperature  of  Jan.  for  the  last  twenty-seven  years  ...  36  "90 

Average  amount  of  rain  in  Jan 1'68  inch. 

Boston. — Jan.  1.  Cloudy.  2.  Fine.  3 — 5.  Cloudy.  6.  Cloudy  :  rain  p.m.  7. 
Cloudy.  8.  Fine.  9.  Cloudy.  10.  Cloudy:  rain  a.m.  11,12.  Fine  :  rain  p.m. 
13,  14.  Fine.  13.  Rain  a.m.  16.  Fog:  rain  p.m.  17.  Cloudy.  18.  Fine.  19, 
20.  Fine :  rain  A.M.  21.  Cloudy.  22.  Fine :  rain  p.m.  23.  Fine.  24.  Cloudv  : 
rain  p.m.  25,  26.  Cloudy.  2 7." Cloudy:  rain  p.m.  28,  29.  Cloudy.  30,  31.  Fiiie. 
Sandicick  Mouse,  Orkney. — Jan.  1.  Clear  a.m.  :  cloudy,  lightning  p.m.  2.  Clear 
a.m.:  clear,  aurora,  lightning  p.m.  3.  Cloudy  a.m.  :  clear,  aurora  p.m.  4.  Rain, 
cloudy  a.m.  :  showers  P.M.  5.  Clear  a.m.  :  sleet-showers  p.m.  6.  Cloudy  a.m.  : 
snowing,  aurora  p.m.  7.  Cloudy  a.m.  :  rainy,  aurora  p.m.  8.  Showers  a.m.  : 
showers,  aurora  p.m.  9.  Sleet-showers  a.m.  :  hail,  aurora  p.m.  10.  Showers  a.m.  : 
fine,  aurora  p.m.  11.  Rain  a.m.  :  rain,  cloudy  p.m.  12.  Bright  a.m.  :  clear, 
aurora  P.M.  13.  Bright  a.m.:  showers  p.m.  14.  Hait-showers  a.m.:  clear, 
aurora  p.m.  15.  Bright,  frost  a  m.  :  clear,  frost  p.m.  16.  Frost  a.m  :  cloudy, 
frost  P.M.  17.  Bright,  frost  a.m.  :  clear,  frost  p.m.  18.  Cloudy,  frost  a.m.  : 
showers  p.m.  19  Cloudy  a.m.  :  showers  p.m.  20.  Rain  a.m.  :  clear,  large  halo 
P.M.  21.  Cloudy  A.M. :  siiowers  p.m.  22.  Showers  a.m.:  hail-showers  p.m. 
23.  Clear,  frost  a.m.:  fine,  clear  p.m.  24.  Clear,  frost  a.m.:  frost,  clear  p.m. 
23.  Bright  a.m.  :  clear  p.m.  26  Showers  a.m.  :  frost,  clear  p.m.  27.  Bright  a.m.  : 
clear  p.m.  28.  Clear  a.m.  and  p.m.  29.  Bright  a.m.  :  rain  p.m.  30.  Rain  a.m.  : 
showers,  aurora  p.m.     31.   Bright  a.m.:  fine  p.m. 

Mean  temperature  of  Jan.  for  twenty-six  previous  years  38^-60 

Mean  temperatuie  of  this  month      38  •55 

Average  quantity  of  rain  in  Jau.  for  seven  years  previous 4-21  inches. 
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XXXVII.    On  Cavities  in  Amber  containing  Gases  and  Fluids. 
By  Sir  David  Brewster,  K.H.,  D.C.L.,  F.R.S.,  V.P.R.S. 

Edinb.,  and  Associate  of  the  Institute  of  France"^. 

HAVING  recently  had  occasion  to  examine  a  great  number 
of  Diamonds,  and  having  discovered  in  by  far  the  greater 
number  of  them  cavities  of  different  shapes,  round  which  the 
substance  of  the  diamond  had  been  compressed  when  in  a  soft 
state  by  the  expansion  of  their  gaseous  contents,  I  was  anxious 
to  re-examine  some  specimens  of  Amber  in  which  1  bad  observed 
the  same  phsenomena,  and  other  specimens  which  were  likely  to 
exhibit  them. 

The  general  character  of  the  cavities  in  diamond  was  that  of 
extreme  irregularity,  and  hence  the  sectors  of  polarized  light  and 
the  black  cross  which  separated  them  partook  of  the  same  cha- 
racter. In  most  of  the  cavities  in  amber,  on  the  contrary,  their 
form  was  accurately  spherical,  and  the  polarizing  structure  which 
surrounded  them  extremely  perfect  and  beautiful.  I  have  found, 
however,  numerous  microscopic  cavities  which  are  very  irregular, 
and  which,  like  those  of  the  same  minuteness  in  the  diamond, 
give  regular  sectors  of  polarized  light.  I  have  found  also  cavi- 
ties of  this  kind  existing  in  groups  twelve  or  fifteen  in  number. 

In  a  specimen  of  amber  containing  spherical  cavities  of  various 
magnitudes,  and  exhibiting  around  them  the  polarizing  structure, 
I  have  observed  several  cavities  quite  close  to  them  M'ithout  the 
shghtest  trace  of  such  a  structure.  The  circumference  of  the 
latter  was  encrusted  w^th  a  sort  of  reddish  powder,  which  had 
probably  been  deposited  by  a  fluid  that  had  been  carried  off  by 
absorption. 

*  Communicated  by  the  Author. 

Phil.  Mag.  S.  4.  Vol.  5.  No.  32.  April  1853.  R 
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In  ray  second  paper  "  On  the  Refractive  Power  of  the  two  new 
Fhiids  in  Minerals/'  I  have  mentioned  some  specimens  of  amber, 
showH  me  by  the  late  Mv.  AVilHam  Nicol,  in  which  the  inner 
surfaces  of  some  of  the  cavities  were  rough,  like  hnely-ground 
glass,  and  contained  a  fluid  with  a  moveable  vacuity*.  Upon 
subsequently  examining  one  of  these  specimens,  I  found  that  the 
apparent  roughness  of  the  cavity  arose  from  its  surface  being 
covered  with  minute  strife  parallel  to  one  another.  Some  of  the 
cavities  in  the  specimen  were  very  irregular,  while  others  were 
perfectly  spherical ;  the  latter  were  quite  full  o{  fluid,  a  fact  which 
became  obvious  by  comparing  the  refraction  at  their  boundaries 
with  the  refraction  at  the  boundaries  of  the  other  cavities  which 
had  a  vacuity  in  the  fluid  they  contained.  Mr.  Nicol  was  of 
opinion  that  the  vacuity  had  increased  in  several  of  them,  a  result 
which  could  arise  only  from  its  absorption  by  the  amber. 

In  a  beautiful  specimen  of  amber  in  the  collection  of  the  late 
Mr.  AVitham  of  Larkington,  which  I  had  occasion  to  examine, 
there  were  about  eight  spherical  cavities  like  balls,  all  very  close 
to  each  other ;  and  some  of  them  so  nearly  in  contact,  that  they 
were  separated  by  a  very  thin  film  of  amber.  The  fluid  which  they 
contained  was  a  heterogeneous  dark  yellowish-brown  substance. 
I  opened  one  of  the  cavities  in  the  presence  of  the  late  Dr.  Edward 
Turner  and  Mr.  Witham,  and  took  out  the  fluid,  which,  to  all  of 
us,  had  the  smell  of  soot.  When  placed  upon  a  plate  of  glass  it 
coiild  be  drawn  along  like  the  white  of  an  egg,  or  the  vitreous 
humour  of  the  eye.  When  dried,  it  left  a  transparent  matter 
like  amber.  This  matter  had  no  double  refraction.  "When  ex- 
posed to  heat  under  the  blo^^7)ipe,  it  became  of  a  fine  orange-red 
colour.  It  did  not  burn,  but  by  a  continuance  of  the  heat  it 
became  black  and  disappeared. 

In  a  very  fine  specimen  of  amber,  belonging  to  the  late  W.  G. 
Thomson,  Esq.,  and  of  the  size  shown 
in  the  annexed  diagram,  there  was 
a  large  oblong  cavity  ah^  in  which 
a  fluid  with  its  surface  concave  stood 
at  the  level  mn.  The  fluid  was  so 
sluggish,  or  probably  viscid,  that  in 
cold  weather  it  required  to  be  shaken 
to  make  it  move  to  the  end  A  by  in- 
verting it ;  but  in  warai  weather 
(64°  Fahr.)  it  moved  with  great  facility. 

The  extremity  h  of  the  cavity  was  so 
near  the  surface  of  the  specimen,  that 
I  durst  not  make  any  experiments 
upon  the  fluid  by  heating  it  lest  the 

*  Edinburgh  Transactions,  vol.  x.  p.  424,  note. 
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cavity  should  burst.  I  founds  however,  that  it  was  not  very 
expansible  by  heat ;  and  that  it  was  so  evaporable,  thac  at  ordi- 
naiy  temperatures  the  sides  of  the  cavity  were  covered  with 
vapour,  whose  particles  or  small  globules  were  about  the  yi^dth 
of  an  inch  in  diameter. 

St.  Leonard's  College,  St.  Andrews, 
February  28,  185.3. 


XXXVIII.  Account  of  a  remarkable  Fluid  Cavity  in  Topaz. 
By  Sir  David  Brewster,  K.H.,  D.C.L.,  F.R.S.,  V.P.R.S. 
Edinb.,  and  Associate  of  the  Institute  of  France^. 

THE  remarkable  fluid  cavity  in  Topaz  which   I  propose  to 
describe  is  shown  in  the  annexed  diagram.     The  cavity 
itself  is  of  a  very  irregular  form ;  its  greatest  length,  AB,  being 


0"18  of  an  inch,  and  its  greatest  breadth,  CD,  O'lO  of  an  inch. 
It  is  filled  with  a  fluid  in  which  there  is  a  large  vacuity  V.  The 
fluid  does  not  expand  with  heat,  and  is  therefore  quite  difi^crent 
from  either  of  the  two  new  fluids  which  I  discovered  in  Topaz  and 
other  minerals.  The  vacuity  V  does  not  change  its  place  by 
holding  the  crystal  in  different  positions,  but  by  a  violent  jerk  it 
may  be  moved  to  the  other  end  of  the  cavity,  and  even  broken 
into  several  separate  vacuities.  From  the  extreme  sluggishness 
of  its  motion  it  is  very  probable  that  it  has  a  considerable  degree 
of  viscidity;  and  that  it  is  a  fluid  of  low  refractive  power  maybe 
inferred  from  the  refraction  of  light  through  the  broken  surface 
of  one  of  the  crystals  in  the  cavity. 

The  cavity  contains  several  ciystals,  as  shown  in  the  figure-. 
Some  of  them  have  perfectly  formed  and  brilliant  facets,  and  arc 
*  Commimicated  by  the  A\ithoi-. 
R2 
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quite  transparent;  and  all  of  them  are  moveable,  descending 
pretty  rapidly  through  the  fluid  when  the  specimen  is  inverted. 
One  of  the  moveable  crystals  shown  at  a  is  a  congeries  of  small 
crystals.  The  other  transparent  crystals  are  shown  at  h,  c  and  d. 
Three  little  black  fragments  are  shown  at  1,  2  and  3.  These 
three  descend  with  much  less  velocity  in  the  fluid  than  the  transpa- 
rent ciystals,  and  have  therefore  a  lower  specific  gravity.  Tlie  fluid 
is  not  quite  transparent,  but  has  a  slight  degree  of  milkiness  in 
its  aspect ;  and  it  contains  a  good  deal  of  a  darkish  flocculent 
matter,  which  descends  through  the  fluid  with  a  motion  just 
perceptible.  The  sides  of  the  cavity  are  lined  with  a  sort  of 
powdery  deposit  or  thin  crust.  While  some  of  the  black  frag- 
ments descend  slowly  in  the  fluid,  as  already  stated,  others  ascend, 
a  fact  which  I  have  never  observed  in  the  many  hundreds  of 
cavities  of  topaz  which  I  have  had  occasion  to  examine.  The 
milky  colour  of  the  fluid,  the  flocculent  matter,  and  the  powdery 
crust  coexisting  with  the  fluid*,  are  facts  which  I  had  never 
before  observed. 

St.  Leonard's  College,  St.  Andrews, 
Febniary  2G,  1853. 


XXXIX.  OnContinued  Fractions  in  Quaternions.  5z/ Sir  Willi  am 
Rowan  Hamilton,  LL.D.,  M.R.I. A.,  F. R. A. S.^c,  Andrews' 
Professor  of  Astronomy  in  the  University  of  Dublin,  and  Royal 
Astronomer  of  Ireland. 

[Continued  from  p.  118.] 

5.   T   ET  us  now  consider  the  continued  fraction. 


-(4)- 


where  Vq  and  u^  are  quaternions,  and  a,  /3  are  two  rectangular 
vectors,  connected  by  the  relation, 

a4  4.4/32^0; 
and,  as  a  sufficient  exemplification  of  the  question,  let  it  be  sup- 
posed that  a,  /3  have  the  values 

a  =  i  —  k,     ^=j. 

It  may  easily  be  shown,  by  the  rules  of  the  present  Calculus, 
that  the  expression, 

*  In  many  cavities  in  topaz  in  which  the  fluid  had  disappeared  I  had 
found  them  lined  with  a  crust.     See  Edinb.  Trans,  vol.  x.  pp.  22,  23. 
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gives  the  relations, 

&  .  {i±k){{u^-k)~'  ±{uQ-k)-']  =  +  l, 

{Uc^  —  k)~^  —  {uQ  —  k)~^  =  k  —  i; 
and  generally,  by  an  indefinite  repetition  of  the  last  process, 

{u2n+,—f()~^  —  {U:c—  f()~^  =  n{k  —  i). 
There  is  no  difficulty  in  hence  inferring  that 

whatever  arbitrary  quaternion  (mq)  may  be  assumed  as  the  original 
subject  of  the  operation,  which  is  thus  indefinitely  repeated.  By 
assuming  for  this  original  operand  a  vector  p^  in  the  plane  of  ik, 
some  geometrical*  theorems  arise,  less  general  indeed  in  their 
import  than  the  foregoing  results  respecting  quaternions,  yet 
perhaps  not  uninteresting,  as  belonging  to  a  somewhat  novel 
class,  and  coming  fitly  to  be  stated  here,  because  they  bear  a 
sort  of  limiting  relation  to  the  results  recently  published  in  the 
Philosophical  Magazine,  as  part  of  the  present  paper. 

6.  Let  c  and  d  be  the  extremities,  and  e  the  summit  of  a 
semicircle.  Assume  any  point  p  in  the  same  plane,  and  draw 
CQ  perpendicular  to  dp,  so  that  the  rectangle  cq  .  dp  may  be 
equal  to  the  given  square  ce^.  Then  it  is  clear,  1st,  that  if  the 
hand  (or  direction  of  rotation)  be  duly  attended  to,  in  thus 
drawing  cq  -j-  dp,  the  point  q  will  coincide  w  ith  p,  when  the 
latter  point  p  is  so  assumed  as  to  coincide  with  the  given  sum- 
mit E.  But  I  say  also,  TInd,  that  if  the  point  P  be  taken  any- 
wliere  else  in  the  same  plane,  and  if,  after  deriving  q  from  it  as 
above,  we  derive  r  from  q,  &e.,  by  repeating  the  same  process, 
these  new  or  derivative  points  q,  r,  s,  &c.,  will  tend,  successively 

*  Note  added  diu-ing  printing. — Since  the  foregoing  communication  was 
forwarded,  I  have  perceived  that  the  theorem  YIII.  of  art.  6,  which  pre- 
sented itself  to  me  as  an  interpretation  of  the  expression  for  (hi — k)~  , 
when  A-=:CE,  j=:de,  Mj=ici',  M,:=CQ,  uuiy  be  very  simply  proved  by  means 
of  the  two  similar  triangles,  (tEC,  ECi>'  :  and  may  tlien  be  emj/loyed  to 
deduce  (jeometricully  all  the  other  theorems  of  that  article.  (Each  of  these 
two  triangles  is  similar  to  ei',c,  if  i',  be  on  ep",  and  v\\  \\  DC.)  I  see  also 
that  the  lately  j)ublished  results  of  art.  4  may  all  be  deduced  geometrically, 
from  the  consideration  of  the  two  pairs  of  siiuilar  triangles,  adp,  qca,  and 
BDP,  QCB.  These  geometrical  simplifications  have  only  recently  occurred 
to  me ;  but  it  may  have  been  ])erccived  that,  on  the  present  occasion,  geo- 
metry has  been  emjiloyed  merely  to  ilhistrate  and  exemplify  the  significa- 
tion and  validity  of  certaui  new  symbt)lical  expressions,  and  met  bods  of 
calcidation  ;  some  account  of  which  expressions  and  methods  I  hope  to  be 
permitted  to  continue.  (March  15, 1853.) 
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and  indefinitely,  to  coincide  with  the  point  e.  I  add,  Ilird, 
that  if,  from  an  arbitrarily  assumed  point  s,  we  go  hack,  on  the 
same  plan,  to  other  points  n,  q,  p,  &c.,  these  new'  points,  thus 
inversely  derived,  will  also  tend  indefinitely  to  coincide  with  the 
same  fixed  summit  e.  IVth.  The  alternate  points  p,  R,  T,  .  .  . 
arc  all  contained  on  one  common  circular  circumference ;  and 
the  other  alternate  system  of  derived  points  q,  s,  u,  .  .  are  all 
contained  on  another  circtilar  locus.  Vth.  These  two  new  circles 
touch  each  other  and  the  given  semicircle  at  the  given  svimmit  e  j 
and  their  centres  are  harmonic  conjugates  with  respect  to  the 
completed  circle  ced.  (The  same  harmonic  conjugation  of  the 
centres  of  the  two  loci  might  easily  have  been  derived  for  the 
more  general  case  considered  in  an  earlier  part  of  this  paper, 
from  the  last  formula  of  art.  4 ;  I  have  found  that  it  holds  good 
also  in  another  equally  general  case,  hereafter  to  be  considered, 
when  the  given  area  of  the  i-ectangle  under  cq  and  dp  is  greater 
than  the  square  on  the  quadrantal  chord  ce,  in  which  case  there 
can  be  no  convergence  to  a  limiting  position,  but  there  may  be, 
under  certain  conditions,  circulation.)  Vlth.  If  the  chords  pe, 
RE,  TE, .  .  of  the  one  circular  locus,  and  also  the  chords  qe,  se, 
UE,  .  .  of  the  second  locus,  be  prolonged  through  the  point  of 
contact  E,  so  as  to  render  the  following  rectangles  equal  to  the 
given  square  or  area, 

pep'  =  rer'  =  tet'=  .  .  =qeq'=ses'=ueu'=  . .  =CE^, 

then  not  only  will  the  points  p'r't'  . .  be  ranged  on  one  straight 
line,  and  the  points  q's'u'  . .  on  another,  but  also  the  intervals 
p'r',  r't',  .  .  q's',  s'u',  .  .  will  all  be  equal  to  each  other  and  to  the 
given  diameter  cd  ;  and  will  have  the  same  direction  as  that  dia- 
meter. Thus  the  four  points  eprt,  or  the  four  points  eqsu, 
form  what  may  be  called  an  harmonic  group,  on  the  one  or  on 
the  other  circular  locus :  and  if,  as  in  some  modern  methods, 
the  directions  (and  not  merely  the  lengths)  of  lines  be  attended 
to,  the  chords  ep,  er,  et,  .  .  or  eq,  es,  eu,  .  . .  may  be  said  to 
form,  each  set  within  the  circle  to  which  they  belong,  a  species 
oi  harmonical progression.  Vllth.  The  orthogonal  projection  of 
p'q',  or  q'r',  &c.,  on  cd,  is  equal  in  length  and  direction  to  the 
half  oi  that  given  diameter.  Vlllth.  If  p'p"  be  so  drawn  as  to 
be  perpendicularly  bisected  by  the  common  tangent  to  the  three 
circles,  the  line  p"q'  wdl  be  equal  in  length  and  direction  to  the 
given  quadrantal  chord  ce. 

Observatory,  February  19,  1853. 

[To  be  continued.] 
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XL,  On  a  New  Series  of  Organic  Bodies  containing  Metals. 
Bij  Dr.  E.  Frankland^  F.C.S.,  Professor  of  Chemistrrj ,  Owen's 
College,  Manchester. 

[Continued  from  p.  1/0.] 
Action  of  Zinc  upon  Iodide  of  Methrjle. 

WHEN  iodide  of  methyle  and  zinc  are  exposed  to  a  tem- 
perature of  about  150°  C.  in  a  sealed  tube,  the  zinc 
gradually  dissolves  with  the  evolution  of  gas,  whilst  a  mass  of 
white  crystals  and  a  colourless  mobile  liquid,  refracting  light 
strongly,  occupy,  after  a  few  hours,  the  place  of  the  original 
materials.  The  gas  evolved  on  breaking  off  the  capillary  extre- 
mity of  the  previously  exhausted  decomposition  tube,  was  col- 
lected and  preserved  over  sulphuretted  water  in  the  manner 
already  described :  I  will  refer  to  this  gas  again  under  the  name 
of  a.  On  cutting  off  the  upper  portion  of  the  decomposition 
tube  and  pouring  cold  distilled  water  upon  the  mobile  liquid  and 
white  mass  of  crystals  just  mentioned,  a  very  violent  action 
ensued,  and  a  column  of  flame  several  feet  high  shot  up  momen- 
tarily from  the  mouth  of  the  tube ;  but  the  action  soon  became 
more  moderate,  and  a  cork  and  gas-delivering  tube  being  fitted 
into  the  decomposition  tube,  the  gas,  after  all  atmospheric  air 
had  been  expelled,  was  collected  and  preserved  in  an  apparatus 
similar  to  that  used  for  the  gas  a.  I  will  call  this  second  gas  /3. 
Zincmethyliurn. — From  a  preliminary  experiment,  it  was  ascer- 
tained that  the  gas  evolved  on  opening  the  decomposition  tube 
possessed,  before  contact  with  water,  a  most  insupportable  and 
very  peculiar  odour,  and  that,  when  ignited  or  brought  in  con- 
tact with  pure  oxygen  gas,  it  burnt  with  a  greenish-blue  flame, 
producing  dense  white  fumes :  when  a  porcelain  plate  was  held 
in  this  flame,  it  innuediately  became  coated  with  a  jet  black 
deposit,  surrounded  by  a  white  ring ;  this  black  dc})osit  dissolved 
in  dilute  hydrochloric  acid  with  evolution  of  hydrogen  gas,  and 
the  solution  was  found  to  contain  chloride  of  zinc.  Hence  it  was 
evident  that  a  volatile  or  gaseous  compound  of  zinc  was  present 
amongst  the  products  of  decomposition,  and  this  was  soon  foimd 
to  reside  in  the  mobile  liquid  above  mentioned  ;  for  on  inverting 
the  tube  and  allowing  a  few  drops  of  the  liquid  to  escape,  it 
inflamed  sj)ontaneously  the  instant  it  came  in  contact  with  the 
air,  and  produced,  by  its  combustion,  large  quantities  of  oxide 
of  zinc.  In  order  to  obtain  this  liquid  in  a  state  of  purity, 
another  tube  was  charged  with  iodide  of  methyle  and  excess  of 
zinc,  and  subjected  to  a  heat  of  150^  or  160^  C.  until  every 
trace  of  iodide  of  methyle  was  decomposed.  The  drawn  out 
extremity  of  the  tube  being  broken  otF,  the  included  gas  was 
allowed  to  escape,  and  the  liquid  contents  were  then  separated 
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from  the  solid  ones  by  distillation  at  a  gentle  heat,  in  an  atmo- 
sphere of  dry  hydrogen.  This  was  accomplished  as  shown  in 
the  foUowin";  tigure. 


A  is  the  decomposition  tube  bent  at  an  obtuse  angle  at  n,  and 


Organic  Bodies  containing  Metals.  241 

connected  with  the  receiver  B  by  the  doubly  perforated  cork  c, 
which  also  contains  the  small  tube  b,  open  at  both  ends.  The 
receiver  B  is  drawn  out  at  /  until  its  internal  diameter  is  dimi- 
nished to  about  g^jth  of  an  inch,  and  this  drawn  out  extremity 
is  connected,  by  means  of  a  caoutchouc  joint,  with  the  chloride 
of  calcium  tube  C,  which  at  its  opposite  extremity  is  in  con- 
nexion with  a  hydrogen  gas  ap})aratus  D.  d,  e  are  two  small 
glass  bulbs  for  preserving  the  condensed  liquid.  The  apparatus 
being  thus  arranged,  hydrogen  is  evolved  in  D,  and  becoming 
perfectly  desiccated  in  passing  through  the  chloride  of  calcium 
tube  C,  enters  the  receiver  B  at/,  expelling  the  atmospheric  air 
through  the  tube  b.  When  the  gas  has  thus  streamed  through 
the  apparatus  for  at  least  a  quarter  of  an  hour,  and  every  trace 
of  air  has  been  expelled  from  B  and  from  the  bulbs  d,  e  by  dif- 
fusion, the  extremity  of  the  tube  b  is  hermetically  sealed,  at  the 
same  moment  that  the  evolution  of  gas  from  D  is  intemipted. 
The  drawn  out  extremity  of  the  receiver  B  being  then  quickly 
sealed  at/";  B,  d  and  e  remain  filled  with  pure  dry  hydrogen,  and 
A  with  a  mixture  of  gases  free  from  oxygen,  as  any  trace  of  this 
clement,  which  might  have  penetrated  there,  would  be  instan- 
taneously absorbed  by  its  contents.  B  is  then  immersed  to  its 
neck  in  cold  water,  and  a  gentle  heat  cautiously  applied  to  the 
whole  length  of  A  by  means  of  a  spirit-lamp.  The  mobile  fluid 
in  A  soon  enters  into  ebullition,  and  distils  over  into  the  receiver 
B  ',  as  soon  as  the  distillation  is  finished  and  A  become  cold,  its 
capillary  extremity  is  fused  off  at  a  by  means  of  a  blowpipe,  a 
remaining  hermetically  sealed.  The  receiver  B  is  then  removed 
from  the  water  and  dried ;  heat  is  applied  to  the  side  adjacent 
to  the  bulbs  d,  e,  so  as  to  expel  a  portion  of  the  enclosed  gas 
from  their  open  ends  at  /;  on  subsequent  cooling,  a  certain 
quantity  of  the  liquid  rises  into  these  bulbs,  which  are  alternately 
heated  and  cooled,  until  every  trace  of  the  liquid  has  not  only 
entered  them  but  passed  entirely  into  their  cx})andcd  portion,  so 
as  to  leave  the  capillary  limbs  filled  with  hydrogen.  It  is  of 
importance  that  the  whole  of  the  liquid  should  be  forced  to  enter 
these  bulbs,  otherwise,  on  subsequently  opening  the  mouth  of 
the  receiver,  it  inflames,  causing  the  expulsion  of  the  liquid  from 
the  bulbs,  and  thus  rendering  the  experiment  abortive.  The 
cork  c  is  then  removed,  and  the  bulbs  d,  e  extracted  as  quickly 
as  possible,  the  open  capillary  extremities  being  immediately 
sealed  before  the  blowpipe.  The  bidbs,  having  been  ])rcviously 
weighed,  the  increase  denotes  the  weight  of  the  included  liquid. 
The  residue  in  A  was  found  scarcely  to  effervesce  with  water, 
and  consisted  of  iodide  of  zinc  mixed  with  the  excess  of  metallic 
zinc  employed. 

I  have  fixed  the  composition  of  the  liquid  obtained  as  above 
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described,  and  proved  it  to  be  a  compound  of  one  atom  of  zuic 
and  one  atom  of  methyle,  by  the  following  experiments  : — 

I.  One  of  the  bulbs  above  mentioned  was  opened  beneath  an 
inverted  receiver  tilled  with  recently  boiled  distilled  water ;  its 
contents  were  rapidly  resolved  into  hydrated  oxide  of  zinc  and  a 
permanent  gas,  which  last  was  submitted  to  eudiometrical  exa- 
mination ;  the  following  results  were  obtained : — 

The  action  of  f inning  sulphuric  acid  did  not  produce  any 
diminution  of  volume. 

The  gas  was  nearly  insoluble  in  absolute  alcohol. 

A  eudiometrical  combustion  yielded  the  following  results  : — 

Difference  Corrected  vol. 

Obsen'cd  of  mercury  at  0°C.  and  1 

volume.     Temp.         level.      Barora.    metre  press. 


mm  mm 


ga=  u^cdT  J22-5     18-7  C.  602-2     747-8      14-86 
■|287-9     18-7       418-4     747-6      84-39 


Volume  of  gas  used" 

(moist) 
Volume  after  admis- 
sion of  0  (moist) 

Volume  after  explo-| 232.1     18-6       479-7     747-4      54-71 
sion  (moist)    .      j 

Volumeafterabsorp-"i  ^gg.^     ^g.g       ^^g.^     7-^7.5      40.19 

tion  ot  LU'^  (dry)  J 
Volume  after  acWs4  5  ^9.^     ^g.^       ^go.^     ^^^.g    g^^.Q^ 

sion  ot  n  (dry)    J 

Volume  after  explo-1  425-7     18-4       279-0     747-6    180-62 
sion  (moist)     .     j 


Volume  of  com- 
bustible gas, 
14-86 

Oxygen 

consumed. 

29-39 

CO^  generated. 
14-52 

1 

1-98 

:                -98 

In  order  to  ascertain  whether  the  gas  was  a  single  compound 
or  a  gaseous  mixture,  and  also  to  determine  its  specific  granty, 
it  was  submitted  to  diffusion  in  an  apparatus  which  I  have 
already  described*  :  the  following  results  were  obtained  : — - 

I.  In  Diffusion  Eudiometer. 

Difference  CoiTectedvol. 

Obsei"ved  of  mercmy  at  0°  C .  and  1 

volume.     Temj).         level.      Barom.   metre  pi'ess. 

Volume  of  gas  usedl  ^-3.0     ^^.^^      -".^     ^Jl-l    116-61 

(dr)0     ...     J 
Volume  after  diffa-n  ^44.3     ^^.^         45.3     y_^Q.^      gg.gg 

sion  (dry)  .     .     j 

*  Quarterly  Journal  of  Chemical  Society,  vol.  ii.  p.  283. 
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II.  Estimation  of  Oxygen  in  residual  gas. 

Difference  Correctedvol. 

Observed  ofmerciuT  atO°C.andl 

volume.     Temp.         level.      Barom.    metrepress. 

^tm^stf^''!"!"'}ll7-3     19-3  C.     53-1     7iE-6      75-44 

'''toroforiT)'''''}  101-2     17'0        69-3    742-8     64-16 

III.  Combustion  of  Gas  remaining  after  absoi-ption  of  Oxj^gen. 

DiflPerence  Corrected  voL 

Observed  of  merciu-}-  at  0°  C .  and  1 

volume.     Temp.         level.      Barom.  metrepress. 

Volume  of  gas  used"!,..  ...p.      i-or     ^^-r     -iq'q       o<m 

(moist)       .     .     J 
Volume  after  admis-lgQ^..     ^^..       g^^.^     ^^^.^      ^^,^^ 

sion  or  U  (moist)  J 
Volume  after  explo-U^Q.^  ^33.3 

sion  (moist)     .     j 
Volume  after  absorp- "I  nj^^  o 

tionof  CO^^  (dry)/'^'*^*^ 
Volume  after  admis 

sion  of  H  (dry) 

Volume  after  explo-^  ofn-      ion       q-a'-     -(-r^    io<on 
/      •  i.\  ^349'o     180       3o0o     74o0    124"30 

sion  (moist)     .     J 

The  gas  remaining  after  diffusion  and  subsequent  absoi-ption 
of  oxygen  therefore  contained  in  24"91  vols.  15'63  vols,  nitrogen 
and  9 '28  vols,  combustible  gas,  which  last  v\as  a  single  gas  and 
not  a  mixture,  since  it  consumed  the  same  amount  of  oxygen 
and  generated  the  same  amount  of  carbonic  acid  after  as  before 
diffusion : — 


17-8       458-7     744-7      66-13 
1522-3     17-9       182-4     745-1    275-80 


Volume  of 

Oxygen 

comUustible  gas. 

consumed. 

CO'  generated. 

9-28 

18-37 

9-00 

1              : 

1-98 

;             '97 

Experiments  Nos.  I.,  II.  and  III.,  taken  together,  enable  us 
to  ascertain  the  volume  of  the  gas  which  escaped  and  that  of  the 
air  which  entered  during  the  diffusion  experiment ;  these  volumes 
are  as  follow  : — 

Volume  of  gas  escaped     .     ,     ,     86-95 
Volume  of  air  entered      .     .     .     63-97 

llcnce,  according  to  the  well-known  law  of  diffusion,  the 
ppccitic  gravity  of  the  gas  must  be  -5413. 
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The  gas  is  therefore  hydride  of  methyle  (light  carburetted 
hydi'ogen),  1  vol.  of  which  consumes  3  vols,  oxygen  and  gene- 
rates 1  vol.  carbonic  acid,  and  the  specific  gravity  of  which  is 
•5528,  numbers  which  correspond  almost  exactly  with  those 
obtained  by  experiment. 

II.  A  glass  jar,  graduated  in  cubic  centimetres,  was  filled  with 
recently  boiled  distilled  water,  to  which  about  twenty  drops  of 
sulphuric  acid  had  been  added,  and  inverted  in  a  shallow  glass 
dish  containing  the  same  liquid ;  the  other  bulb  was  then  intro- 
duced into  the  inverted  jar,  and  its  capillary  extremity  broken 
oS  against  the  side  of  the  vessel ;  the  water  now  slowly  gained 
access  to  the  liquid  in  the  bulb  and  steady  decomposition  ensued, 
the  oxide  of  zinc  dissolving  as  fast  as  formed,  in  the  dilute  sul- 
phui'ic  acid,  and  the  hydride  of  methyle  collecting  in  the  inverted 
jar.  When  the  decomposition  was  quite  complete,  the  volume 
of  gas  was  read  off  with  the  usual  corrections  for  temperature 
and  pressure,  the  graduated  jar  rinsed  out  and  removed,  and  the 
solution  of  sulphate  of  zinc  in  the  glass  dish,  after  being  evapo- 
rated to  a  smaller  bulk,  was  treated  with  carbonate  of  potash 
and  the  zinc  precipitated  as  basic  carbonate,  and  weighed  as 
oxide  with  the  usual  precautions :  the  following  results  were 
obtained : — 

•3109  grm,  gave  "2660  grm.  oxide  of  zinc,  and  138*  15  cubic 
centimetres  dry  hydi-ide  of  methyle,  at  0^"C  and  760  mm.  pres- 
sure, equivalent  to  '0930  grm. 

These  numbers  agree  suflficiently  with  those  calculated  from 
the  formula  C^  H^  Zn,  when  we  consider  that  every  trace  of 
oxygen,  which  gained  admission  to  the  sethereal  fluid  before  its 
decomposition,  would  diminish  the  volume  of  hydride  of  methyle, 
which  would  also  be  liable  to  further  diminution,  from  the  sol- 
vent action  of  the  fluid  over  which  it  was  determined  : — 

Calculated.  Found. 


1  equiv.  of  Methyle     .     15  31'56  29-91 

J  equiv.  of  Zmc      .     .     32-52         68-44  68-67 

47-52       10000  98-58 

This  compound,  for  which  I  propose  the  name  Zincmethylium, 
possesses  the  following  properties : — It  is  a  colourless,  trans- 
parent and  very  mobile  liquid,  refracting  light  strongly,  and 
possessing  a  peculiar  penetrating  and  insupportable  odour ;  it  is 
very  volatile,  but  I  have  not  yet  been  able  to  determine  its 
boiling-point  with  accuracy. 

Zincmethylium  combines  directly  with  oxygen,  chlorine,  iodine, 
&c.,   forming  somewhat  unstable  compounds,  a  description  of 
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which  I  reserve  for  a  future  communication.  Its  affinity  for 
oxygen  is  even  more  intense  than  that  of  potassium ;  in  contact 
with  atmospheric  air  it  instantaneously  ignites,  burning  with  a 
beautiful  greenish-blue  flame,  and  forming  white  clouds  of 
oxide  of  zinc ;  in  contact  with  pure  oxygen  it  burns  with  explo- 
sion, and  the  presence  of  a  small  quantity  of  its  vapour  in  com- 
bustible gases  gives  them  the  property  of  spontaneous  inflam- 
mability in  oxygen.  Thrown  into  water,  zincmethylium  decom- 
poses that  liquid  with  explosive  violence  and  with  the  evolution 
of  heat  and  light ;  when  this  action  is  moderated,  so  as  to  pre- 
vent any  great  rise  of  temperature,  the  sole  products  of  the  de- 
composition arc  oxide  of  zinc  and  hydride  of  methyle, 

C^H^Znl  _  rC^HSH 
HO     J-\ZnO. 

The  extraordinary  affinity  of  zincmethylium  for  oxygen,  its 
peculiar  composition,  and  the  facility  with  which  it  can  be  pro- 
cured, cannot  fail  to  cause  its  employment  for  a  great  variety  of 
transformations  in  organic  compounds ;  by  its  agency  there  is 
every  probability  that  we  shall  be  able  to  replace  oxygen,  chlo- 
rine, &c.,  atom  for  atom,  by  methyle,  and  thus  produce  entirely 
new  series  of  organic  compounds,  and  obtain  clearer  views  of  the 
rational  constitution  of  others.  I  intend  to  pursue  this  branch 
of  the  subject  whilst  studying  the  compounds  of  zincmethyliuDT 
and  the  Corresponding  bodies  containing  sethyle  and  amyle. 

Examination  of  the  Gas  a. — A  quantity  of  this  gas,  after 
standing  over  sulphuretted  water  until  all  traces  of  iodide  of 
methyle  vapour  had  been  absorbed,  was  transferred  into  a  suit- 
able flask  for  the  determination  of  its  specific  gravity ;  the  fol- 
lowing numbers  were  obtained  :  — 

Temperature  of  room 18°"6  C. 

Height  of  barometer 754*2  mm. 

Height  of  inner  column  of  mercury    .      15  "2  mm. 
Weight  of  flask  and  gas     ....     35-4161  grms. 
Temperature  in  balance  case   .     .     .     19°*6  C. 
Weight  of  flask  and  dry  air     .     .     .     35  "4500  grms. 
Temperature  in  balance  case  .     .     .     20°'2  C. 
Capacity  of  flask 140*51  cubic  centims. 

From  these  data  the  specific  gravity  was  calculated  to  be* 79598 
The  eudiometrical   analysis  of  the   gas   gave   the  following 
results  : — 
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I.  In  Short  Eudiometer. 

Difference  Corrected  vol. 

Observed  of  mercury  atO°C.  andl 

volume.     Temp.         level.      Barom.  metre  press. 

™™^°fS^'°^^^}  194-7     18-60.     °2-l     751-2    137-06 

Volume  after  remo-^ 
val  of  specimen  for  M53-8     19-0         22-0     741-0    103-38 
combustion  (dry)  J 

^Inicohor'^'l''''}  82-0 18-7    ^-^  ^^^'^  ^^-'^ 

II.  In  Combustion  Eudiometer. 

Difference  Corrected  vol. 

Observed  of  mercury  at CC. andl 

volume.     Temp.         level.      Barom.  metre  press. 

Volume  of  gas  USedl    ,  „T    _        ^'k  r.n      /- o'?  -^       r-™  o    <  nnoc 

fmoist)  m01-o     18-9C.  621-7     7o2-4      1086 

Volume  after  admis-[  „„o  ,      -0/3       on  -^     ^-o  rv    n  -  <  or. 
sion  of  0  (moist)  j 388-1      18-6       311-7      /o2-0    lo4-20 

^1Z'(moistr'!'°73°*'6     18-5      3«-8     752-2    129-71 
"^torofcOMr/j^^l-l     18-3       376-9     752-0    112-88 

Volume  after  explo-l   .^o  „     ,„  _       ««.  i      ~-r>  -     lo^  e-i 
sion  (moist)    .     )428-3     18-7       274-1     7dO-o    184-54 

III. 

Difference  Corrected  vol. 

Observed  ofmercur\'  atO°C.andl 

volume.     Temp.         level.      Barom.  metre  press. 

Volume  of  gas  used!  i°q  or'    «°?n  o     -'^  k       n  oq 

(moist)  f- 104-2     18*80.  619*2     7o0-5      11*23 

""^f^^^rVH     18-9      330-6     750-2    140-04 

"tr(f!;r-'"'>^=-o  ''■'  ^«"  ^^o-^  i"-^« 

''tro"°;^)'}299-0     18-2      401-3     750-3      97-83 
''tMntSn'^Vai-e     18-7       273-4     749-8    185-96 
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Analysis  No.  I.  proves  tlie  absence  of  all  the  members  of  the 
olcfiant  gas  family,  and  also  that  the  mixture  consists  of — 

Gas  absorbable  by  alcohol      .     .     ,     48*04 
Gas  unabsorbable  by  alcohol       .     .     51  "96 

10000 
The  behaviour  of  the  iodides  of  gethyle  and  amyle  in  contact 
with  zinc*,  led  me  to  expect  that  the  gaseous  products  of  the 
decomposition  of  iodide  of  methyle  by  the  same  metal  would 
consist  of  methyle,  hydride  of  methyle,  and  the  first  member  of 
the  olefiant  gas  series,  methylene ;  but  in  addition  to  the  proof 
of  the  absence  of  this  latter  body  afforded  by  the  absence  of  all 
absorption  by  fuming  sulphuric  acid,  analyses  Nos.  II.  and  III. 
demonstrate  the  impossibility  of  methylene  being  a  constituent 
of  the  gaseous  mixture ;  for  on  constructing  three  equations  in 
which  the  volimies  of  methyle,  hydride  of  methyle,  and  methy- 
lene are  ex]H-essed,  the  value  obtained  for  the  last  gas  is  invari- 
ably a  small  negative  quantity.  The  \'olumes  of  methyle  and 
hydride  of  methyle  are  readily  found  by  the  two  following  equa- 
tions, in  which  the  volume  of  combustible  gas  is  represented  by 
A,  the  contraction  produced  by  explosion  with  excess  of  oxygen 
by  B,  and  the  volumes  of  methyle  and  hydride  of  methyle 
respectively,  by  x  and  y,  the  contraction  produced  by  the  explo- 
sion of  methyle  with  excess  of  oxj'gen  being  2*5  times  its  own 
volume,  and  that  produced  by  the  explosion  of  hydiide  of  methyle 
twice  its  own  volume  : — 

x+   y  =  A, 

The  values  of  x  and  y  may  therefore  be  thus  expressed  : — 
a  =  2B-4A, 
y  =  5A-2B. 

According  to  analysis  No.  II.,  10-88  vols,  of  combustible  gas 
produced  a  contraction,  on  explosion  with  oxygen,  equal  to  24*49 
vols.;  and  in  analysis  No.  III.,  11-23  vols,  of  combustible  gas 
produced  a  contraction,  on  explosion,  equal  to  25-28  vols.  Hence, 
by  the  application  of  the  foregoing  equations,  the  per-centage 
composition  of  the  gaseous  mixture  may  be  expressed  as  follows : — 

11.  III.  Mean. 

Methyle       .     .     .     5018  5022  5020 

Hydride  of  methyle     49-82  49-78  4980 

100-00  100-00  10000 
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This  result  is  confirmed  by  the  action  of  alcohol  in  analysis 
No.  I.,  and  also  by  the  determination  of  the  specific  gravity  of 
the  mixed  gases,  which  agrees  very  closely  with  that  deduced 
from  the  above  numbers^  as  is  seen  from  the  following  com- 
parison : — 

Methyle       .     .     .     50-20  x  1-0365  =  52-0323 
Hydride  of  methyle     49-80  x    •5528  =  27-5294 

100-00  79-5617^  795617 

100 
Specific  gravity  found  by  experiment  .     .     =-79598 

The  origin  of  the  hydride  of  methyle  in  the  above  gaseous 
mixture  is  readily  perceived,  when  the  volatility  of  zincmethylium 
and  the  method  of  collecting  the  gas  are  taken  into  considera- 
tion ;  on  opening  the  decomposition-tube  beneath  water,  a  copious 
efi"ervescence  was  observed  wherever  the  evolved  gas  came  in 
contact  with  water ;  and  as  this  effervescence  was  accompanied 
by  the  formation  of  a  flocculent  precipitate  of  oxide  of  zinc,  it 
could  only  be  caused  by  the  presence  of  the  vapoui'  of  zincme- 
thylium, which,  on  coming  in  contact  with  water,  would  be 
instantaneously  decomposed  into  oxide  of  zinc  and  hydride  of 
methyle. 

I  have  not  yet  endeavoured  to  procure  the  methyle  fi-ee  from 
admixture  with  hydride  of  methyle,  but  have  no  doubt  that,  by 
collecting  the  gas  as  evolved  from  the  decomposition-tube  over 
mercury,  and  absorbing  the  zincmethylium  vapour  by  dry  iodine, 
the  methyle  would  be  left  in  a  state  of  purity.  It  perfectly 
resembles  in  its  properties,  chemical  and  physical,  the  methyle 
procured  by  Kolbe  from  the  electrolysis  of  acetic  acid*. 

Examination  of  the  Gas  j3. — This  gas,  evolved  by  the  action 
of  water  upon  the  solid  and  liquid  products  of  the  decomposition 
of  iodide  of  methyle  by  zinc,  proved,  as  might  have  been  antici- 
pated, to  be  pure  hydride  of  methyle,  derived  from  the  decom- 
position of  the  zincmethylium  with  which  the  crystalline  residue 
of  iodide  of  zinc  was  saturated.  Its  eudiometrical  analysis  yielded 
the  following  results  : — 

I.  In  Short  Eudiometer. 

Difference  Corrected  vol. 

Obser\-ed  of  mercury  atO°C.andl 

volume.     Temp.         level.     Bavom.    metre  press. 

Volume  of  gas  used  \  i  /jq  r,      ^u  an        "o  «      -^n  o      ^^QC\'■ 

,1    X       °  >-168-9     18-60.       3-6     7o0-2    118-0o 

(dry)     ...     J 

Volume  after  action 

offumingSO^(dry) 

*  Journal  of  the  Chemical  Societj-,  vol.  ii.  p.  173. 
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One  volume  of  absolute  alcohol,  at  19°  C.  and  732"6  mm. 
pressure,  absorbed  "175  vol.  of  this  gas. 

II.  In  Combustion  Eudiometer. 

Difference  Corrected  vol. 

Observed  of  mercury  atO°C.andl 

volume.     Temp.         level.      Barom.  metre  press. 

Vnlnmp  of  o-as  used  1  °  ™™  ■"™ 

\  o  ume  01  ^as  u.ea  i  ^ 

(moist)       .     .     J 

Volume  after  admis- 1  „.,  _      ,„„       o-~-^     ^aao     Tir,/>^ 
344-9     189      3o/'7     744*8    119-64 


sion  of  0  (moist) 

Volume  after  explo-l^g^.g  ^^.^  ^^^.^  ^^^.^  gg.^^ 

sion  (moist)     ,     J 

Volumeafterabsorp-\^^^  ..,  ,q^  ^  <«  i  ^^  <  o  -o  ^o 

tionofCOMdry)/^^^'^  ^^"^  ^^^^  ^^^  ^^'^^ 

Volume  after  admis-1  ^^...  ^g..  ^^.g  ^^^.3  ^^3.^^ 


sion  of  H  (diy) 
Volume  after  explo-1.^3.Q     ^g.g       ^^3.^     ^^^.^     2...3_ 
sion  (moist)     .     J 

These  results  correspond  almost  exactly  ^vith  those  yielded  by 
hydride  of  methyle,  1  vol.  of  which  requires  2  vols,  of  oxygen 
for  combustion,  and  generates  1  vol.  of  carbonic  acid. 

Volume  of  Oxygen 

combustible  gas.  consumed.                  CO^  generated. 

15-83  31-04                     15-66 

1           :  1-96  :               -99 

By  the  action  of  zinc  upon  iodide  of  methyle,  therefore,  two 
distinct  decompositions  take  place,  viz.  1st,  the  decomposition 
of  iodide  of  methyle  by  zinc  with  the  production  of  iodide  of  zinc 
and  methyle, 

C^Hsn  _rC2H3 
Zn    J-\ZnI, 

and  2nd,  the  decomposition  of  iodide  of  methyle  by  zinc,  AUth 
the  formation  of  iodide  of  zinc  and  zincmethylium, 

C^PPII  _  rC^HSZn 
2Zn   j'~\     Znl. 

Zinccethi/lium. — This  body  is  formed  under  precisely  the  same 
circumstances  as  zincmethylium,  iodide  of  a^thyle  being  substi- 
tuted for  iodide  of  methyle ;  it  is  a  colourless  and  transparent 
liquid,  refracting  light  strongly,  and  having  a  peculiar  penetra- 
ting odour;  it  is  less  volatile  than  zincmethylium,  and  is  not  so 
readily  prepared  pure,  owing  to  its  retention  of  a  small  quantity 
of  sethyle  gas  in  solution ;  its  affinities  are  also  somewhat  weaker 
than  zincmethylium,  and  it  only  takes  fire  in  air  spontaneously 
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when  exposed  in  considerable  quantity.  When  allowed  to  absorb 
oxygen  slowly,  it  forms  a  white  amorphous  oxide ;  it  combines 
also  directly  with  iodine,  chlorine  and  bromine.  In  contact  with 
water  it  is  instantaneously  decomposed  into  oxide  of  zinc  and 
hydride  of  sethyle, 

C'»H5Znl_  rC^H^H 
HO     J~l     ZnO. 

Its  formula  must  therefore  be  C'*  H^  Zn.  I  reserve  for  a 
future  communication  the  complete  history  of  this  and  the  fol- 
lowing compound. 

Zincamylium. — This  body  is  generated  when  iodide  of  amyle 
is  decomposed  by  zinc  at  the  temperature  of  180°  C.  It  is  a 
colourless  and  transparent  liquid  which  emits  white  fumes  in 
contact  with  the  air,  but  does  not  spontaneously  inflame ;  it  is 
decomposed  in  contact  with  water  into  oxide  of  zinc  and  hydride 
of  amyle, 

CioiI'iZnl  _J  CioH^iH 
HO      J  ~  L     ZnO. 
From  this  circumstance,  and  its  analogy  with  zincmethylium, 
there  can  be  no  doubt  that  its  formula  is  C'^H'^  Zu. 

Action  of  Mercury  upon  Iodide  of  Methyle  in  presence  of  Light. 

When  iodide  of  methyle  is  exposed  to  sunlight  in  contact  with 
metallic  mercury,  it  soon  becomes  coloured  red  from  the  separa- 
tion of  free  iodine ;  after  several  hours'  exposure  this  coloration 
disappears,  and  a  small  quantity  of  the  yellow  iodide  of  mercury 
subsides  to  the  bottom  of  the  liquid  :  after  the  action  of  sunlight 
for  several  days,  the  bulk  of  the  mercury  is  observed  to  have 
considerably  diminished,  and  white  crystals  begin  to  be  deposited 
around  the  sides  of  the  glass  vessel :  finally,  after  about  a  week's 
exposure,  the  liquid  solidifies  to  a  colourless  crystalline  mass  : 
when  this  is  digested  with  aether,  the  new  compound  dissolves, 
and  is  thus  separated  from  metallic  mercury,  and  from  the  small 
portion  of  iodide  of  mercury  which  is  collaterally  formed.  Only 
a  vei-y  small  quantity  of  gas  is  evolved  during  the  formation  of 
the  white  crystalline  compound.  By  spontaneous  evaporation 
the  ethereal  solution  solidifies  to  a  mass  of  minute  colourless 
crystalline  scales :  these,  dried  in  vacuo  and  submitted  to  ana- 
lysis, yielded  the  following  numbers  : — 

I.  '3170  grm.  dissolved  in  alcohol  and  treated  with  nitrate  of 
silver,  gave  "2142  grm.  iodide  of  silver. 

II.  '6205  grm.  burnt  with  oxide  of  copper,  gave  'OSIS  grm. 
carbonic  acid,  '0505  grm.  water,  and  "5960  grm.  protoiodide 
of  mercury.  The  iodide  of  mercury,  a  small  portion  of  which 
was  decomposed  into  metallic  mercury  and  periodide,  collected 
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3-57 
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-88 
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58-51 
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as  an  incrustation  at  the  front  end  of  the  combustion-tube, 
about  a  couple  of  inches  of  which  had  been  left  empty  for  this 
purpose,  and  projected  from  the  furnace,  the  heat  being  so  regu- 
lated that  none  of  the  iodide  passed  into  the  chloride  of  calcium 
tube,  whilst  none  of  the  watery  vapour  condensed  in  the  com- 
bustion-tube. When  the  analysis  was  concluded,  the  weight  of 
the  protoiodide  of  mercury,  mixed  with  traces  of  periodide  and 
metallic  mercury,  was  determined  by  cutting  off  the  part  of  the 
combustion-tube  containing  it,  and  ascertaining  its  weight  before 
and  after  the  iodide  was  removed.  The  numbers  obtained  agree 
very  closely  with  the  formula  C"^  H^  Hgl,  which  requires  the 
following  values : — 

Calculated.  Found. 

2  equivs.  Carbon     . 

3  equivs.  Hydrogen 
1  equiv.  Mercury  . 
1  equiv.  Iodine 

341-84    100-00  100-52 

This  compound  is  therefore  evidently  the  iodide  of  a  new 
organo-metallic  bod)^,  consisting  of  one  atom  of  methyle  and 
one  atom  of  mercui-y,  and  for  which  I  propose  the  name  htjdrar- 
gyromethylium :  it  is  formed  by  the  direct  union  of  one  atom  of 
mercury  with  one  atom  of  iodide  of  methyle,  under  the  influence 
of  light. 

Iodide  of  hydrargyromethylium  is  a  white  solid,  crystallizing 
in  minute  nacreous  scales,  which  are  insoluble  in  water,  mode- 
rately soluble  in  alcohol,  and  very  soluble  in  rether  and  iodide  of 
methyle ;  by  the  spontaneous  evaporation  of  these  solutions  the 
crystals  are  again  deposited  unchanged.  Iodide  of  hydrargyro- 
methylium is  slightly  volatile  at  ordinary  temperatures,  and 
exhales  a  weak  but  peculiarly  unpleasant  odour,  which  leaves 
a  nauseous  taste  upon  the  palate  for  several  days;  at  100*^  C. 
the  volatility  is  much  greater,  and  the  crystals  are  rapidly  dissi- 
pated at  this  temperature  when  exposed  to  a  current  of  air.  At 
143°  C.  it  fuses  and  sublimes  without  decomposition,  condensing 
in  brilliant  and  extremely  tliin  crystalline  plates.  In  contact 
with  the  fixed  alkalies  and  ammonia,  it  is  converted  into  oxide 
of  hydrargyromethylium,  which  is  dissolved  by  excess  of  all  these 
reagents;  from  these  solutions  sulphide  of  ammonium  throws 
down  sulphide  of  hydrargyromethylium  as  a  slightly  yellow  fioc- 
culent  precipitate  of  a  peculiar  and  most  insupportable  odour. 

S2 
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I  have  not  yet  further  examined  the  reactions  of  this  remarkable 
body,  nor  have  I  attempted  the  isolation  of  the  hydrargyrome- 
thylium. 

A  corresponding  compound  containing  arayle  is  formed, though 
with  difficulty,  under  similar  circumstances,  but  I  have  not  yet 
succeeded  in  producing  one  containing  jethyle,  the  iodide  of  this 
radical  yielding,  as  I  have  shown*,  when  exposed  to  sunlight  in 
contact  ^^'ith  mercury,  iodide  of  mercury,  and  a  mixture  of  sethyle, 
hydride  of  pethyle  and  olefiant  gases. 

I  have  also  made  some  preliminary  experiments  with  other 
metals,  and  find  that  most  of  them  are  capable  of  thus  entering 
into  combination  with  the  organic  groups,  methyle,  cethyle,  and 
aniyle;  amongst  those  which  thus  combine  under  the  influence 
of  light  most  readily,  and  seem  to  promise  the  most  interesting 
results,  I  may  mention  arsenic,  antimony,  chromium,  iron,  man- 
ganese ami  cadmium.  1  hope  to  have  the  honour  of  laying 
before  the  Royal  Society,  at  an  early  period,  the  results  of  my 
experiments  upon  these  compounds. 


Imperfect  as  our  knowledge  of  the  organo-metallic  bodies  may 
yet  appear,  I  am  unwilling  to  close  this  memoir  without  direct- 
ing attention  to  some  peculiarities  in  the  habits  of  these  com- 
pounds, which  promise  at  least  to  throw  some  light  upon  their 
rational  constitution,  if  they  do  not  lead  to  extensive  modifica- 
tions of  our  views  respecting  chemical  comi)ounds  in  general, 
and  especially  that  interesting  class  termed  conjugate  compounds. 

That  stansethylium,  zincmethylium,  hydrargyromethylium,  &c. 
are  perfectly  analogous  to  cacodyle  there  can  be  no  reasonable 
doubt,  inasmuch  as,  like  that  body,  they  combine  directly  with 
the  electro-negative  metalloids  forming  true  salts,  from  which, 
in  most  cases,  and  probably  in  all,  the  original  group  can  be 
again  separated  unaltered,  and  therefore  any  view  which  may  be 
taken  of  the  new  bodies  must  necessarily  be  extended  to  cacodyle. 
The  discovery  and  isolation  of  this  so-called  organic  radical  by 
Bunsen  was  certainly  one  of  the  most  important  steps  in  the 
development  of  organic  chemistry,  and  one,  the  intlueuce  of 
which  upon  our  theoretical  views  of  the  constitution  of  certain 
classes  of  organic  compounds,  can  scarcely  be  too  highly  esti- 
mated. It  was  impossible  to  consider  the  striking  features  in 
the  behaviour  of  this  body,  without  finding  in  them  a  most 
remarkable  confirmation  of  the  theory  of  organic  radicals,  as  pro- 
pounded by  Berzelius  and  Liebig. 

The  formation  of  cacodyle,  its  habits,  and  the  products  of  its 
decomposition,  have  for  some  time  left  no  doubt  of  the  existence 
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of  methyle  ready  formed  in  this  body  ;  and  Kolbe  *,  in  developing 
his  views  on  the  so-called  conjugate  compounds,  has  proposed  to 
regard  it  as  arsenic  conjugated  with  two  atoms  of  methyle 
({C^H^)^As).  So  long  as  cacodyle  was  an  isolated  example  of 
an  organo-metallic  body,  this  view  of  its  rational  composition, 
harmonizing  as  it  did  so  well  with  the  facts  elicited  during  the 
route  of  cacodyle  through  its  various  combinations  and  decom- 
positions, could  scarcely  be  contested ;  but  now,  since  we  have 
become  acquainted  with  the  properties  and  reactions  of  a  con- 
siderable number  of  analogous  bodies,  circumstances  arise  which 
I  consider  militate  greatly  against  this  view,  if  they  do  not  render 
it  absolutely  untenable.  According  to  the  theory  of  conjugate 
radicals  just  alluded  to,  cacodyle  and  its  congeners,  so  far  as 
they  are  at  present  known,  would  be  thus  represented  : — 

Cacodvle        [C^Yi.^  Ks. 

Oxide  ■'of  cacodyle (C-^H^j^AsO. 

Cacodvlic  acid (C^  H^)"^  AsO^ 

Stanniethvhum        (C^IPjSn. 

Stanffithylium (C*  H^)  Sn. 

Oxide  of  stanrethylium      .     .     .     .  (C'^  H^)  SnO. 

Stanamvlium (CioH")Sn. 

Zincmethylium        (C^  H^)  Zn. 

Zincjethvlium (C^H5)Zn. 

Zincamvlium {C^''W^)Zn. 

Stibsethme  (stibcTthyle)     .     .     .     .  (C*  \V>f  Sb. 

Binoxide  of  stibfpthine       ....  (C*  H^)^  SbO^. 

Oxide  of  stibmethylium     ....  (C2H3)4SbO. 

Hydrargyromethylium       ....  (C-  H^j  Hg. 

Iodide  of  hydra)'gyromethylium       .  (C'  tP)  Hgl. 

It  is  generally  admitted,  that  when  a  body  becomes  conju- 
gated, its  essential  chemical  character  is  not  altered  by  the  pre- 
sence of  the  conjunct  :  thus  for  instance,  the  series  of  acids 
C"ir04,  formed  by  the  conjunction  of  the  radicals  C°H^°+'^ 
with  oxalic  acid,  have  the  same  neutralizing  power  as  the  original 
oxalic  acid;  and,  therefore,  if  we  assume  the  organo-metallic 
bodies  above  mentioned  to  be  metals  conjugated  with  various 
hydrocarbons,  we  might  reasonably  expect  that  the  chen.ical 
relations  of  the  metal  to  oxygen,  chlornie,  sulphur,  ike.  would 
remain  unchanged  ;  a  glance  at  the  formulae  of  these  compounds 
will  however  suffice  to  show  us  that  this  is  far  from  being  the 
case :  it  is  true  that  cacodyle  forms  protoxide  of  cacodyle  and 
cacodylic  acid,  corresponding  the  one  to  a  somewhat  hypothetical 
protoxide  of  arsenic,  which,  if  it  exist,  does  not  seem  to  possess 
any  well-defined  basic  character,  and  the  other  to  arscnious  acid ; 
*  Jourual  of  the  Chemical  Society,  vol.  iii.  p.  372. 
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but  no  compound  con-esponding  to  arsenic  acid  can  be  formed, 
and  yet  it  cannot  be  urged  that  cacodylic  acid  is  decomposed  by 
the  powerful  reagents  requisite  to  procure  further  oxidation,  for 
concentrated  nitric  acid  may  be  distilled  from  cacodylic  acid 
without  decomposition  or  oxidation  in  the  slightest  degree;  the 
same  anomaly  presents  itself  even  more  strikingly  in  the  case  of 
stansethylium,  which,  if  we  are  to  regard  it  as  a  conjugate  radical, 
ought  to  combine  with  oxygen  in  two  propoi'tions  at  least,  to 
form  compounds  corresponding  to  protoxide  and  peroxide  of  tin  ; 
now  stansethylium  rapidly  oxidizes  when  exposed  to  the  air  and 
is  converted  into  pure  protoxide,  but  this  compound  exhibits 
none  of  that  powerful  tendency  to  combine  with  an  additional 
equivalent  of  oxygen,  which  is  so  characteristic  of  protoxide  of 
tin ;  nay,  it  may  even  be  boiled  with  dilute  nitric  acid  without 
evincing  any  signs  of  oxidation :  I  have  been  quite  unable  to 
form  any  higher  oxide  than  that  described ;  it  is  only  when  the 
group  is  entirely  broken  up  and  the  sethyle  separated,  that  the 
tin  can  be  induced  to  unite  with  another  equivalent  of  oxygen. 
Stib?ethyle  also  refuses  to  unite  with  more  or  less  than  two  equi- 
valents of  oxygen,  sulphur,  iodine,  &c.,  and  thus  forms  com- 
pounds, which  are  not  at  all  represented  amongst  the  combina- 
tions of  the  simple  metal  antimony. 

When  the  formulae  of  inorganic  chemical  compounds  are  con- 
sidered, even  a  superficial  observer  is  struck  with  the  general 
symmetry  of  their  construction;  the  compounds  of  nitrogen, 
phosphorus,  antimony  and  arsenic  especially  exhibit  the  ten- 
dency of  these  elements  to  form  compounds  containing  3  or  5 
equivs.  of  other  elements,  and  it  is  in  these  proportions  that  their 
aflfinities  are  best  satisfied;  thus  in  the  ternal  group  we  have 
N03,  NH3,  NP,  NS^  PO^,  PH^  PCF,  SbO^,  SbH^,  SbCP,  AsO^, 
AsH^,  AsCP,  &c. ;  and  in  the  five-atom  group  N0^  NH^O, 
NH'*!,  PO^,  PH"!,  &c.  Without  off'ering  any  hypothesis  regard- 
ing the  cause  of  this  symmetrical  grouping  of  atoms,  it  is  suffi- 
ciently evident,  from  the  examples  just  given,  that  such  a  ten- 
dency or  law  prevails,  and  that,  no  matter  what  the  character  of 
the  uniting  atoms  may  be,  the  combining  power  of  the  attracting 
element,  if  I  may  be  allowed  the  term,  is  always  satisfied  by  the 
same  number  of  these  atoms.  It  was  probably  a  glimpse  of  the 
operation  of  this  law  amongst  the  more  complex  organic  groups 
which  led  Laurent  and  Dumas  to  the  enunciation  of  the  theory 
of  types ;  and  had  not  those  distinguished  chemists  extended 
their  views  beyond  the  point  to  which  they  were  well  supported 
by  then  existing  facts, — had  they  not  assumed,  that  the  proper- 
ties of  an  organic  compound  are  dependent  upon  the  position 
and  not  upon  the  nature  of  its  single  atoms,  that  theory  would 
undoubtedly  have  contributed  to  the  development  of  the  science 
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to  a  still  greater  extent  than  it  has  already  done;  such  an 
assumption  could  only  have  been  made  at  a  time  when  the  data 
upon  which  it  was  founded  were  few  and  imperfect,  and,  as  the 
study  of  the  phaenomena  of  substitution  progressed,  it  gradually 
became  untenable,  and  the  fundamental  principles  of  the  electro- 
chemical theory  again  assumed  their  sway.  The  formation  and 
examination  of  the  organo-metallic  bodies  promise  to  assist  in 
effecting  a  fusion  of  the  two  theories  which  have  so  long  divided 
the  opinions  of  chemists,  and  which  have  too  hastily  been  con- 
sidered irreconcileable ;  for,  whilst  it  is  evident  that  certain 
types  of  sei'ies  of  compounds  exist,  it  is  equally  clear  that  the 
nature  of  the  body  derived  from  the  original  type  is  essentially 
dependent  upon  the  electro-chemical  character  of  its  single  atoms, 
and  not  merely  upon  the  relative  position  of  those  atoms.  Let 
us  take,  for  instance,  the  compounds  formed  by  zinc  and  anti- 
mony; by  combination  with  1  equiv.  of  oxygen  the  electro- 
positive quality  of  the  zinc  is  nearly  annihilated ;  it  is  only  by 
the  action  of  the  highly  oxidizing  peroxide  of  hydrogen  that  the 
metal  can  be  made  to  form  a  very  unstable  peroxide ;  but  when 
zinc  combines  with  1  equiv.  of  methyle  or  sethyle,  its  positive 
quality,  so  far  from  being  neutralized,  is  exalted  by  the  addition 
of  the  positive  group,  and  the  compound  now  exhibits  such 
intense  affinity  for  the  electro-negative  elements  as  to  give  it  the 
property  of  spontaneous  inflammability.  Teroxide  of  antimony 
has  also  little  tendency  to  pass  into  a  higher  state  of  oxidation ; 
but  when  its  three  atoms  of  oxygen  are  replaced  by  the  electro- 
positive sethyle,  as  in  stibsethine,  that  affinity  is  elevated  to  the 
intense  degree  which  is  so  remarkable  in  this  body. 

Taking  this  \iew  of  the  so-called  conjugate  organic  radicals, 
and  regarding  the  oxygen,  sulphui-,  or  chlorine  compounds  of 
each  metal  as  the  true  molecular  type  of  the  organo-metallic 
bodies  derived  from  it  by  the  substitution  of  an  organic  group 
for  oxygen,  sulphur,  &c.,  the  anomalies  above  mentioned  entirely 
disappear,  and  we  have  the  following  inorganic  types  and  organo- 
metallic  derivatives : — 

Organo-metallic  Derivatives. 

.s<  p2  U3  f  Cacodyle. 

Oxide  of  Cacodyle. 


AsS 


rCacodvlic  acid. 
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Inorganic  Types. 
Zn    0      .     . 


Zn 

Zn 


Organo-inetallic  Derivatives. 
(C^  H^)     Zincmethylium. 

Q       >  Oxide  of  Zincmethylium. 


O 


Sh{  CMP  IStibjEthine. 

Lc^HsJ 

SbS  C4  H^  j>Binoxide  of  Stibsethine. 
■    0     ^ 

Sb<;  CMl^  r^Oxide  of  Stib^ethylium. 

Sn    (C^H^)   Stan^thylium. 

Sn  <^      Q      ^  Oxide  of  Stansethylium. 

TT     rC^H^"l  Iodide  of  Hydrargyro- 
°\     I     J       methylium. 

The  only  com})ound  which  does  not  harmonize  with  this 
view  is  ethostibylic  acid^  to  which  Lowig  assigns  the  formula 
C'*  H^  SbO^ ;  but  as  that  chemist  has  not  yet  fully  investigated 
this  compound^  it  is  possible  that  further  research  may  satisfac- 
torily elucidate  its  apparently  anomalous  composition. 

It  is  obvious  that  the  establishment  of  this  view  of  the  con- 
stitution of  the  organo-metallic  bodies  Avill  remove  them  from 
the  class  of  organic  radicals,  and  place  them  in  the  most  intimate 
relation  with  ammonia  and  the  bases  of  Wurtz,  Hofraann  and 
Paul  Thenard ;  indeed,  the  close  analogy  existing  between  stib- 
sethine  and  ammonia,  first  suggested  by  Gerhardt,  has  been  most 
satisfactorily  demonstrated  by  the  behaviour  of  stibsethine  with 
the  haloid  compounds  of  methyle  and  sethyle.  Stibsethine  fur- 
nishes us,  therefore,  with  a  remarkable  example  of  the  operation 
of  the  law  of  symmetrical  combination  above  alluded  to,  and 
shows  that  the  formation  of  a  five-atom  group  from  one  contain- 
ing three  atoms  can  be  effected  by  the  assimilation'of  two  atoms, 
either  of  the  same  or  of  opposite  electro-chemical  character : 
this  remarkable  circumstance  suggests  the  following  question  : — 
Is  this  behaviour  common  also  to  the  corresponding  compounds 
of  arsenic,  phosphorus  and  nitrogen ;  and  can  the  position  of 
each  of  the  five  atoms,  with  which  these  elements  respectively 
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combine,  be  occupied  indifiPevently  by  an  electro-negative  or  an 
electro-positive  element  ?  This  question,  so  important  for  the 
advance  of  our  knowledge  of  the  organic  bases  and  their  con- 
geners, cannot  now  long  remain  unanswered. 

If  the  views  which  I  have  just  ventured  to  suggest  should  be 
as  well  borne  out  by  future  researches  as  they  are  by  the  facts 
already  known,  they  must  occasion  a  profound  change  in  the 
nomenclature  of  the  extensive  series  of  compounds  affected  by 
them :  I  have  not,  however,  ventured  to  introduce  this  new 
system  of  nomenclature,  even  in  the  case  of  the  new  bodies 
described  in  this  memoir,  since  hasty  changes  of  this  kind,  unless 
absolutely  necessary,  are  always  to  be  deplored.  In  accordance 
with  the  suggested  view  of  the  constitution  of  the  oi'gano-mctallic 
compounds,  the  following  plan  of  nomenclature  would  probably 
be  found  most  convenient. 

Arsenic  Compounds. 

(C^  H^)^  As     .     .     .  Bimethide  of  arsenic. 

(C^  H^)'^  AsO       .     .  Bimethoxide  of  arsenic. 

(C^  WY  As03      .     .  Bimxtharsenic  acid. 

(C2  Wf  AsO^  +  KO.  Bimetharseniate  of  potash. 

Zinc  Compounds. 

(C^  H3)  Zn      .     .     .     Methide  of  zinc. 
{C'*H^)Zn      .     .     .     Ethide  of  zinc. 
(C>oHi')Zn  .     .     .     Amylide  of  zinc. 

Tin  Compounds. 

(C«H3)Sn      .  .  .  Methide  of  tin. 

(CnF)Snl    .  .  .  ]\Iethiodideoftin. 

(C'»H-^)Sn      .  .  .  Ethide  of  tin. 

(C*  H^)  SnO   .  .  .  Ethoxide  of  tin. 

(C4IP)SnCl  .  .  Ethochloride  of  tin. 

(C4  H^)  SnO  S03  .  Sulphate  of  ethoxide  of  tin. 

(C^OH^i)Sn   .  .  .  Amvlide  of  tin. 

(C^oHiijSnO  .  .  Amyloxide  of  tin. 

Antimony  Compounds. 

(C2  H3)3  Sb     .  .  .  Termethide  of  antimony. 

(C^  H^)'*  SbO  .  .  Quadromcthoxidc  of  antimonv. 

(C*  W>f  Sb     .  .  .  Tcretludc  of  antimony. 

(C  H^)3  Sb  0^  .  .  Terethobinoxide  of  antimony. 

Mercury  Compounds. 

(C^  H^)  Hg     .      .     .     Methide  of  mercury. 
(C^  H'^j  Hgl    .     .     .     ]Methiodide  of  mercury. 
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In  naming  the  new  bodies  described  in  the  present  paper,  I 
have,  in  conformity  with  the  nomenclature  of  the  organic  bases, 
adopted  the  principle  of  employing  the  termination  "  turn " 
when  the  body  unites  with  one  equivalent  of  oxygen,  chlorine, 
sulphur,  &c.,  like  ammonium,  and  the  terminal  "  ine ''  when, 
like  ammonia,  it  combines  with  two  additional  atoms. 


XLI.  On  Changes  of  the  Sea-Level  effected  hy  existing  Physical 
Causes  during  stated  Periods  of  Time.  By  Alfred  Tylor, 
F.G.S."^ 

Introduction. 

THE  First  Part  of  the  ensuing  paper  is  occupied  with  the 
details  of  the  probable  amount  of  the  solid  matter  annu- 
ally brought  into  the  ocean  by  rivers  and  other  agents,  in  sus- 
pension and  solution ;  and  the  conclusion  is  arrived  at,  that  the 
quantity  of  detritus  thus  distributed  on  the  sea-bottom  would 
displace  enough  water  to  cause  an  elevation  of  the  ocean-level  to 
the  extent  of  at  least  3  inches  in  10,000  years. 

In  the  Second  Part  an  endeavour  is  made  to  compute  the 
number  of  such  periods  of  10,000  years  that  must  have  elapsed 
during  the  accumulation  of  the  immense  mass  of  recent  fresh- 
water strata  said  to  exist  in  the  valley  of  the  Mississippi. 

The  calculation  as  to  the  latter  is  made  from  the  data  collected 
by  observers  in  America,  of  the  extent  of  the  deposit  in  question ; 
and  it  is  here  supposed,  first,  that  in  former  periods  the  same 
quantity  of  mud  as  at  present  has  been  annually  carried  into 
the  Gulf  of  Mexico ;  and  secondly,  that  the  amount  of  sediment 
deposited  on  the  delta  and  plains  of  the  Mississippi  does  not 
exceed  one-tenth  part  of  the  solid  material  which  has  been  carried 
out  (suspended  in  the  water  of  the  river)  into  distant  parts  of 
the  Gulf  of  Mexico,  or  into  the  Atlantic  Ocean  itself. 

From  recent  accounts  by  Mr.  C.  Ellet,  of  the  United  States, 
it  appears  that  a  column  of  fresh  water,  \\  mile  wide  and  about 
7  feet  deep,  is  constantly  entering  the  Gulf  of  Mexico  at  a  speed 
of  2  to  21^  miles  per  hour,  and  floats  on  the  surface  of  a  stratum 
of  salt  water,  to  which  it  partially  communicates  its  own  velocity. 
And  below  this  a  stratum  of  sea-water  is  found  to  be  flowing  in 
an  opposite  direction  to  that  of  the  two  strata  of  fresh  and  salt 
water  above  it.    See  figs.  1  and  2. 

From  the  data  submitted,  it  would  appear  that  the  accumula- 
tion of  the  alluvial  deposit  of  the  Mississippi  must  have  occupied 
a  great  number  of  periods,  during  each  of  which  an  elevation  of 
the  sea-level  of  3  inches  may  have  occurred. 

*  Communicaterl  by  the  Author. 
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Fig.  1 .  Section  of  the  Bar  of  the  Mississippi. 


26i  feet 
deep. 


South-west  Bar,  15  feet  deep, 
95  miles  from  New  Orleans. 


The  Bar. 

1 .  Stratum  of  fresh  water,  "  feet  deep,  run- 
niner  per  hour  from  2  to  2-^  miles,  and 
passing  over  the  Bar  without  losing  its 
velocity. 


2.  Stratum  of  salt  water,  1  foot  deep,  running 

at  the  same  speed  as  No.  1 . 

3.  Ditto,  running  at  1  mile  per  hour. 

4.  Ditto,  supposed  to  be  stationary. 

5.  Ditto,  flowing  towards  the  Bar. 


Fig.  2.   Theoretical  Diagram  of  four  successive  Bars,  with  their 

„  flcriiiniKiiniiiin  Ihiriiitilf  ilru(i.<:if.\\ 


a,  b,  c,  d,  1st,  2nd,  3rd,  and  4th  Bars  of  marine  formation. 

The  general  conclusion  arrived  at  is,  that  the  sea-level  cannot 
be  considered  as  stationary  tor  practical  geological  purposes, 
since  the  operation  of  present  physical  causes  would  produce  a 
considerable  change  in  its  height,  even  during  the  construction 
of  a  recent  deposit  like  that  in  the  valley  of  the  Mississippi,  which 
may  be  called  small  and  local  com])ared  with  those  older  forma- 
tions familiar  to  geological  observers. 

But  the  subsidence  and  elevation  of  the  crust  of  the  earth 
would  be  accompanied  by  alterations  of  the  area  of  the  sea-bed ; 
and  the  frequency  of  such  movements  wovdd  therefore  furnish 
additional  reasons  for  not  considering  the  sea-level  permanent 
for  the  lengthened  periods  requisite  for  the  accumulation  of 
sedimentary  deposits  of  any  magnitude. 

In  the  Third  Part  of  this  pajjcr  an  attempt  is  made  to  direct 
attention  to  the  difficulty  of  finding  any  test  by  which  to  distin- 
guish strata  gradually  accumulated  during  a  long-continued 
upward  movement  of  the  sea-level,  from  those  strata  fomied  on 
a  sea-bottom  slowly  subsiding  while  the  ocean-level  was  sta- 
tionary. In  either  case  no  change  of  depth  of  water  may  have 
occurred  of  sufficient  importance  to  cause  the  removal  of  the 
Mollusca  inhabiting  the  locality,  and  therefore  the  discovcrv  of 
the  same  species  of  organic  remains  from  top  to  bottom  of  a  thick 
deposit  is  not  an  absolute  proof  (as  has  been  supposed*)  that 

*  "  In  formations  from  a  few  hundred  to  a  thousand  feet  and  upwards  in 
thickness,  the  whole  of  which  docs  actually  helong  to  the  same  freolocical 
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gradual  subsidence  has  occurred  during  that  particular  formation ; 
becau^se  the  condition  of  equal  depth  of  water  during  any  deposit 
might  be  produced  either  by  subsidence  of  the  sea-bottom  or 
elevation  of  the  sea-level,  or  by  both  conjointly. 

In  discussing  these  questions,  the  writer  has  not  assumed  that 
during  gradual  subsidences  or  gradual  elevations,  greater  denu- 
dations or  depositions  would  occur  than  when  the  level  of  the  land 
and  sea-bottom  was  stationary ;  because  it  is  not  certain,  either 
that  during  such  gentle  oscillations  the  forces  that  would  pro- 
duce denudation  are  sensibly  diminished  or  increased,  or  that 
the  rocks  which  are  brought  within  the  reach  of  denuding  forces 
are  necessarily  more  easily  worn  away  than  those  which  were  pre- 
nously  exposed  to  the  same  influences. 

Part  I, 

It  has  long  been  acknowledged  that  the  quantity  of  detritus 
annually  carried  into  the  ocean  from  various  sources  must  dis- 
place an  equal  volume  of  water,  and  thus  tend  to  raise  the  level 
of  the  sea.  ]Many  years  since  it  was  estimated  by  an  Italian 
that  this  change  might  amount  to  one  foot  in  a  thousand  years. 
The  general  opinion  on  this  subject  has  been,  that  the  eflFects 
produced  by  the  present  supplies  of  detritus  would  be  too  minute 
to  be  perceptible,  and  on  geological  inquiries  the  ocean-level  has 
been  considered  as  permanent  for  all  practical  purposes*.  I  here 
propose  to  offer  the  evidence  of  present  denudation  in  certain 
countries  where  careful  observations  have  been  made,  in  order  to 
show,  that,  if  such  rapid  destruction  of  land  occurs  in  most  loca- 
lities, then  the  operation  of  present  physical  causes  must  be 
amply  sufficient  to  effect  a  perceptible  alteration  in  the  sea-level 
in  a  moderate  space  of  time. 

The  mere  consideration  of  the  number  of  cubic  feet  of  detritus 
annually  removed  from  any  tract  of  land  by  its  rivers,  does  not 
produce  so  striking  an  impression  upon  the  mind  as  the  state- 
ment of  how  much  the  mean  surface  level  of  the  district  in  ques- 

age,  and  is  therefore  characterized  by  the  same  fossils,  most  curious  and 
important  results  may  be  sometimes  deduced  if  the  position  or  relative 
heiifhts  at  which  the  groups  of  fossils  are  imbedded  be  noted ;  and  this  is 
a  point  usually  neglected.  For,  thanks  to  the  researches  of  Prof.  E.  Forbes, 
the  depth  of  water  under  which  a  collection  of  shells  lived  can  now  be 
appro.ximately  told  ;  and  thus  the  movement  of  the  crust  of  the  earth, 
whilst  the  strata  including  the  shells  wei'e  accumulating,  can  be  inferred. 

"  For  instance,  if  at  the  bottom  of  a  clitf,  say  800  feet  in  height,  a  set  of 
shells  are  buried  which  must  have  lived  under  water  only  50  or  100  feet  in 
depth,  it  is  clear  that  the  bottom  of  the  sea  must  have  sunk  to  have  allowed 
of  the  deposition  of  the  700  feet  of  superincumbent  submarine  strata  ;  sub- 
sequently the  whole  800  feet  must  have  been  upraised."  f Darwin.) 

*  Manfredi.     See  Lyell's  Principles,  edit.  18.50,  p.  270  and  542. 
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tion  would  be  reduced  by  such  a  removal.  This  information 
may  be  obtained  by  calculation  from  the  published  accounts 
of  the  quantity  of  nmd  annually  abstracted  from  districts  of 
known  dimensions  by  their  rivers.  In  this  manner  it  is  found 
that  the  Ganges  would  in  about  1751  years,  at  its  present  annual 
rate,  carry  away  from  the  laud  it  drains  (which  is  supposed  to  be 
about  400,000  square  miles)  as  much  detritus  as  would  cover 
that  area  to  the  depth  of  one  foot,  as  the  following  calculation 
will  show  : — 

Thus,  27,870,400  (superficial  feet  in  a  mile)  x  400,000  = 
11,151,360,000,000,  the  number  of  superficial  feet  in  the  area  of 
400,000  square  miles  drained  by  the  Ganges.  The  number  of 
cubic  feet  of  detritus  discharged  annually  by  that  river  is 
6,368,677,400.   (See  Lyell's  Principles.) 

6,368,677,400  1  ,      t.         i      •         ^ 

1T15I7360,000,000  =  I75I;  c^^^eq^ently  the  reduction  of 
the  mean  level  of  the  Ganges  district  is    ^^     of  a  foot  annually, 

or  1  foot  in  1751  years. 

6,368,677,440  cubic  feet  of  mud  discharged  x  856  water  to 

mud  =5,441,074,288,640=:  the  number  of  cubic  feet  of  water 

annually  discharged  by  the  Ganges. 

5,444,074,288,640  .      ,  i     .    ,       ,,    , ,,  , 

n  1-1  o/^/S^T^rTT^ri^  =  aDout  t  a  toot,  SO  that  the  mean  annual 
1 1,  J  o  J  ,obO,000,CO  J 

discharge  of  water  is  equal  to  about  6  inches  of  rain  on  the  whole 

area  of  400,000  square  miles. 

The  Mississippi,  on  the  other  hand,  woidd  occupy  9000  years 
at  its  present  annual  rate  in  reducing  to  the  amount  of  one  foot 
the  mean  surface-level  of  the  district  it  drains,  v.hich  is  com- 
puted at  eleven  hundred  thousand  square  miles.  The  result  is 
obtained  as  follows  : — 

If  3,702,758,400  cubic  feet  of  mud  are  annually  carried  down 
by  the  Mississippi  (since  the  mud  is  to  the  water  as  1  to  3000), 
3,702,758,400  x  3000  =  11,108,275,200,000  =  the  number 
of  cubic  feet  of  water  annually  carried  by  the  river  into  the 
Gulf  of  Mexico.  The  area  of  district  drained  by  this  river  is 
stated  at  1,100,000  square  miles -5280  x  5280  =  27,878,400  = 
the  nuTidjer  of  superficial  feet  in  a  mile— 27,878,400  x  1,100,000 
=  30,666,240,000,000  =  the  number  of  superticial  feet  con- 
tained in  the  area  of  1,100,000  square  miles  drained  solely  by 
the  Mississippi, 

11,108,275,200,000  ,.    ,        ,  ^  ,        ^ 

30,666,240,000,000  ^^^^^  =  ^  ^^°^  """''^y-  Consequently  the 
water  carried  down  by  the  river  is  equal  to  about  4  inches  of 
rain  over  the  surface  of  land  drained. 

If  it  be  assumed  that  the  levels  of  the  rivers,  lakes,  and  springs 
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are  the  same  in  this  district  at  the  same  period  of  two  consecu- 
tive years,  the  water  sufficient  to  produce  the  above-mentioned 
4  inches  of  the  total  of  rain-fall  upon  the  whole  of  this  district 
must  have  been  annually  derived  from  clouds  which  have  been 
charged  with  vapour  in  parts  of  the  earth  beyond  the  confines 
of  the  tract  of  country  under  consideration ;  since,  if  the  4  inches 
of  rain  annually  carried  into  the  Gulf  of  Mexico  were  not  replaced 
from  foreign  sources,  the  levels  of  the  rivers,  lakes,  and  springs 
must  rapidly  fall. 

The  estimate  of  denudation  obtained  from  these  countries  may 
be  incorrect  when  applied  to  other  lands  differing  in  altitude  and 
receipt  of  rain.  Besides,  many  rivers  empty  themselves  into 
lakes  and  inland  seas,  and  other  extensive  tracts  are  entirely 
without  rain.  Since  there  must  thus  be  extensive  districts  which 
contribute  no  detritus  whatever  to  rivers,  I  propose  to  assume 
that  one-half  the  earth's  surface  only  is  drained  by  rivers  flowing 
directly  into  the  sea*,  and  that  the  average  supply  of  detritus 
does  not  exceed  that  afforded  by  the  district  through  which  the 
]Mississip])i  flows  (a  country  where  there  are  no  very  high  moun- 
tains, and  only  a  moderate  quantity  of  rain). 

The  quantity  of  soluble  salts  annually  carried  into  the  ocean 
must  amount  to  a  very  large  volume,  particularly  as  river-water 
always  contains  matter  in  solution,  while  it  is  only  during  two 
or  three  months  of  the  year  that  alluvium  in  suspension  is  carried 
down  in  large  quantities.  The  proportion  of  soluble  salts  in  tbe 
water  of  the  Thames  is  17  to  70,000,  or  1  to  4117;  while  the 
proportion  of  alluvium  suspended  in  the  water  of  the  Mississippi 
is  as  1  to  SOOOf. 

The  level  of  the  land  is  as  much  reduced  by  what  is  carried 
away  in  solution,  as  if  this  were  mud  and  sand  removed  in  sus- 
pension ;  and  a  submarine  deposit  formed  from  materials  brought 
into  the  sea  in  solution  will  displace  a  volume  of  water  equal  to 
their  former  bulk;  and  therefore,  when  the  annual  supply  of 
soluble  salts  to  the  ocean  does  not  exceed  the  quantity  separated 
from  solution,  the  same  effect  will  be  produced  upon  the  sea-level 
by  matter  introduced,  whether  it  be  in  solution  or  suspension. 
While  the  proportion  of  the  land  to  the  ocean  remains  as  1  to  3  J, 
it  is  evident  that  a  reduction  of  3  feet  in  the  mean  surface-level 

*  By  reference  to  Johnston's  Physical  Atlas,  the  calculated  proportion 
of  land  drained  by  rivers  running  into  European  lakes  and  inland  seas  may 
be  seen. 

t  For  the  statistics  of  the  Mississippi  River  see  Sir  Charles  Lyell's  Second 
Visit  to  the  United  States,  edit.  1847,  vol.  ii.  p.  249  to  253,  and  other 
places. 

X  M.  Balbi  shows  (Atlas,  Soc.  DifF.  Useful  Knowledge,  1844)  that  the 
land  on  the  globe  equals  37,647,000  square  geographical  miles,  the  sea 
equals  110,8/5,000  square  geographical  miles. 
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■%    k-i  of  the  land  must  take  place  by  de- 

•S  ^  J    "^  uudation  before  a  volume  of  de- 

tritus would  be  conveyed  into  the 
sea  sufficient  to  displace  enough 
water  to  occasion  an  elevation  of 
one  foot  on  the  ocean-level.  (See 
fig.  3.) 

There  is  great  need  of  further 
information  respecting  the  amount 
I  of  sediment  carried  down  by  other 
fc,  rivers  besides  those  mentioned ; 
o-  yet  if  the  rate  of  denudation  ob- 
I  tained  from  the  statistics  of  the 
^  Ganges  and  Mississippi  be  any 
o  guide  to  what  is  occurring  on  the 
S  remainder  of  the  globe,  we  cannot 
"i  suppose  that  an  indefinite  time 
^  would  be  required  for  the  f^ev- 
*;^  formance  of  a  denudation,  which 
s  should  reduce  the  mean  surface- 
«  level  of  the  land  3  feet,  and  raise 
>  that  of  the  ocean  1  foot.  It  was 
T  during  the  contemplation  of  the 
M  changes  of  level  that  might  have 
o  been  produced  by  the  operations 
^  of  ordinary  physical  agents  upon 
^  the  surface  of  the  earth,  that  Hut- 
S  ton  was  led  to  remark  that  it  was 
S  not  necessary  to  suppose  the  area 
S  of  the  land  always  maintained  the 
3        same  extent,  but  that  from  time 

0  to  time  new  land  would  be  formed 
-  by  the  elevatory  movements  of  the 
«        sea-bottom  to  compensate  for  what 

1  had  been  carried  into  the  ocean  by 
■^  the  continued  operations  of  rivers 
g  and  breakers*.  In  speaking  of 
E  the  elevation  of  the  sea-level,  I 
■c  only  refer  to  the  intervals  between 
G        those  movements  of  the  land  which 

might  neutralize  in  an  instant  all 
that  had  been  effected  by  the  ope- 
ration of  rivers  for  inmiense  periods 
of  time. 

It   would    add    very    much    to 
the  interest  of  this  inquiry  if  any 
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proof  could  be  brought  forward  of  a  recent  gradual  upward 
movement  of  the  sea-level.  This,  however,  would  be  difficult  to 
observe*,  on  account  of  the  rise  in  the  water  concealing  the  evi- 
dence of  its  former  level,  except  just  at  the  mouths  of  I'ivers, 
where  the  deposits  of  lluviatile  alluvium  might  raise  the  land 
from  time  to  time  and  keep  it  always  above  the  rising  waters. 

The  deposits  situated  at  a  few  such  localities  have  been  de- 
scribed by  the  best  observers,  and  I  hope  to  show  that  in  several 
cases  there  are  appearances  which  might  be  partly  explained  by 
changes  of  the  sea-level,  but  that  a  much  greater  number  of  cases 
and  more  certain  evidence  would  be  needed  before  such  an  event 
could  be  satisfactorily  proved.  I  propose  to  make  some  remarks 
upon  this  point,  after  having  submitted  the  evidence  which  has 
induced  me  to  believe  that  the  supply  of  detritus  under  present 
physical  conditions  is  sufficient  to  raise  the  ocean  level  3  or  4 
inches  in  10,000  years,  provided  no  subsidence  or  elevation 
disturbed  the  result. 

To  this  subject  I  now  proceed.  Sir  Charles  LyelFs  published 
statements  of  the  quantity  of  mud  annually  carried  down  by  the 
Mississippi  and  Ganges  appear  to  have  been  made  with  so  much 
care,  that  they  may  be  a  better  guide  to  the  general  rate  of 
removal  of  soil  by  rivers  than  information  obtained  from  a  greater 
number  of  smaller  rivers,  which  of  course  are  more  likely  to  be 
influenced  by  local  circumstances.  Eleven  hundred  thousand 
square  miles  of  land  are  drained  by  the  Mississippi  t,  which  annu- 
ally discharges  a  quantity  of  water  equal  in  volume  to  4  inches 
of  rain,  or  about  one-tenth  of  the  total  rain-fall  over  this  entire 
surface,  which  forms  one-fifth  part  of  North  America  J.  From 
the  mean  of  a  great  number  of  observations,  the  average  quantity 
of  alluvium  suspended  in  the  water  appears  to  be  1  part  in  3000. 
Consequently,  as  the  water  annually  drawn  off  would  cover  an 
area  of  eleven  hundred  thousand  square  miles  to  the  depth  of  4 
inches,  the  quantity  of  mud  removed  in  the  water  (as  measured 
at  or  near  the  mouth  of  the  river)  would  cover  the  same  exten- 
sive surface  to  the  depth  of  ^ y'^ydth  part  of  4  inches,  or  to  the 
depth  of  Tj^'fjydth  part  of  a  foot.  Or,  in  other  words,  the  Mis- 
sissippi at  its  present  rate  would  occupy  9000  years  in  carrying 
away  detritus  before  the  mean  surface-level  of  one-fifth  part  of 
North  America  would  be  reduced  1  foot. 

The  Ganges  discharges  into  the   Indian  Ocean  a  supply  of 

wasted  exactly  in  proportion  as  new  land  shall  appear ;  or  conversely,  that 
an  equal  jjroportion  of  new  land  should  be  produced  as  the  old  is  made  to 
disappear."  (Hutton's  Theory  of  the  Earth,  1795,  vol.  i.  p.  190.) 
*  See  Darwin,  Coral  Reefs,  &c.,  edit.  1851,  p.  95. 
t  See  art.  Mississippi,  Penny  Cyclopaedia,  vol.  xxv.  p.  277- 
X  The  total  rain-fall  of  the  United  States  is  ,39  inches  between  24  i°  and 
45"  N.  lat.  (Berghaus  and  Johnston.) 
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water  equal  to  about  6  inches  of  rain,  or  400,000  square  miles, 
or  a  much  greater  volume  of  water  than  the  Mississippi  pours 
into  the  Gulf  of  Mexico,  taking  into  consideration  the  difference 
in  size  of  the  countries  they  drain. 

The  alluvium  suspended  in  the  waters  of  the  Ganges*  is  as  1 
to  858  by  weight ;  consequently  the  detrital  matter  removed  in 
suspension  by  the  water  in  one  year  would  cover  the  land  from 
which  it  is  derived  to  the  depth  of  yy jy  ^^  *  ^'^ot ;  that  is  to 
say,  the  Ganges  might  pour  out  muddy  water  at  iis  present  rate 
for  1751  years  before  the  mean  level  of  400,000  square  miles 
would  be  reduced  1  foot  in  height.  The  great  elevation  of  the 
Himalaya  range,  or  possibly  a  greater  rain-fall,  may  probably 
occasion  the  difference  between  the  rates  of  denudation  indicated 
by  the  Ganges  and  the  Mississippi.  As  there  are  also  parts  of 
the  earth^s  surface  drained  by  rivers  flowing  into  lakes  and 
inland  seas,  and  other  tracts  are  entirely  without  rain,  I  propose 
to  estimate  (as  before  mentioned)  that  only  half  the  land  contri- 
butes detritus  in  suspension  to  rivers  flowing  directly  into  the 
seat-  If  this  area  be  annually  reduced  in  level  at  the  same  rate 
as  the  district  through  which  the  Mississippi  flows,  then  the 
mean  level  of  the  land  on  the  globe  would  be  reduced  3  feet  in 
54,000  years,  and  consequently  the  level  of  the  ocean  raised  1 
foot  in  the  same  period  by  means  of  the  detritus  suspended  in 
river-water  j)oured  into  the  ocean  J.. 

But  in  addition  to  the  sediment  carried  down  by  means  of 
rivers,  we  have  also  to  take  into  consideration  the  amount  of 
debris  washed  into  the  sea  from  cliffs  during  so  long  a  period  as 
that  mentioned.  It  is  difficult,  however,  to  form  any  estimate 
of  what  this  would  annually  amount  to,  for  old  maps  and  charts 
are  hardly  accurate  enough  to  represent  the  waste  of  cliffs  by 
breaker-action  even  within  the  last  100  years.  Captain  Wash- 
ington has,  however,  published  a  report  §  which  gives  an  account 
of  the  encroachment  of  the  sea  at  intervals  on  one  part  of  the 
Suffolk  coast.  This  will  give  a  general  idea  of  the  contrilmtion 
of  detritus  that  may  be  obtained  from  some  points  of  a  coast-line. 
The  following  statements  are  collected  from  Captain  Washing- 
ton's Report  on  Harwich  Harbour  in  1844,  from  which  also  the 
figures  4,  5,  6,  7  are  copied. 

*  See  p.  2()1. 

t  The  i)i()])ortion  of  land  mtlioiit  rain  is  about  TiVxyfl*^^  of  the  whole. 
Keith  anil  Johnston  say  that  nearly  one-half  the  drainage-water  of  Europe 
and  Asia  falls  into  the  Black  and  Caspian  Seas.  The  proportion  for  Aiiica 
and  America  is  not  known. 

X  It  is  not  improbable  that  the  solcent  powers  of  rain  and  river-water 
ai"e  as  important  agents  in  the  removal  of  land  as  the  agency  above  men- 
tioned.    Definite  calculations  on  this  subject  remain  to  be  made. 

§  Tidal  Harbours'  Commission,  First  Ivei)()rt  of  1S45. 
Phil.  Mag.  S.  4.  Vol.  5.  No.  32.  April  1853.  T 
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Fig.  5.   Section  showing  the  Destruction  of  Beacon  Cliff  between 
1752,  1804,  and  1844. 
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Figs.  6,  7.  Sections  showing  the  Increase  of  Landguard  Point 
between  1804  and  1844. 

Beach  end  in  1804. 


Beach  end  in  1844. 


a,  a.  Low-water  level  of  ordinary  springs. 

The  cliff  on  the  western  side  of  the  harbour  is  about  1  mile 
long  and  40  feet  high,  and  the  encroachment  of  the  sea  appears 
to  have  been  at  the  rate  of  I  foot  per  annum  between  the  years 
1 709  and  1 756,  so  that  the  annual  supply  of  detritus  was  equal 
to  40  cubic  feet  for  each  foot  of  frontage.  Between  1756  and 
1804  the  advance  increased  to  nearly  'Z  feet  per  annum  ;  so  that 
the  annual  removal  of  cliff  amounted  to  nearly  80  cubic  feet  for 
each  foot  of  fi-ontage. 

Between  1804  and  1844  the  encroachment  of  the  sea  averaged 
10  feet  per  annum,  and  the  annual  i-emoval  of  detritus  must  have 
amounted  to  400  cubic  feet  for  each  foot  of  frontage.  It  was 
during  this  latter  period  that  extensive  dredging  for  cement  stone 
took  place  at  the  base  of  the  cliff. 

On  the  eastern  side  of  the  harbour  events  of  an  opposite  cha- 
racter have  occurred,  for  Landguard  Point  has  gained  50  feet 
per  annum  in  length  during  the  last  30  years.  The  addition 
thus  made  to  the  land,  and  to  the  "  littoral  zone,"  presents  an 
interesting  example  of  the  rapid  accumulation  of  a  local  deposit 
under  favourable  circumstances.  From  the  appearance  of  the 
beach,  it  would  appear  that  the  shingle  and  sand  of  which  it  is 
formed  have  been  brought  from  the  north,  in  which  direction 
there  are  recorded  instances  of  great  destruction  of  land  by 
storms  during  the  last  300  years.  The  aspect,  however,  of  much 
of  the  coast-line  appears  as  if  it  had  remained  unaltered  for  a 
very  long  period,  except  in  the  manner  Mr.  R.  A.  C.  Austen* 
alludes  to  when  he  remarks,  "  that  although  the  sea  for  months 
together,  and  in  places  even  for  whole  years,  may  not  acquire 

*  Austen,  Quart.  Journ.  Geol.  Soc.  vol.vi.  p.  71-73;  and  De  la  Beche, 
Geol.  Obsei"ver,  1851,  p.  (i5. 
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any  fresh  spoil,  yet  there  are  few  hours  when  its  waters  are 
uuemployed  in  fashioning  and  abrading  the  materials  already 
acquired."  In  considering  the  effect  upon  the  sea-level  caused 
by  sand,  mud,  and  ])ebbles  washed  in  by  the  breakers,  it  is  only 
necessary  to  regard  those  materials  that  may  be  brought  in  from 
cliffs  above  high-water  mark;  for  the  movement  of  sand  and 
mud  below  high-water  mark  can  produce  no  effect  upon  the  sea- 
level,  because  the  abstraction  of  these  materials  from  one  part  of 
the  shore  is  exactly  balanced  by  their  addition  to  some  other 
part.  For  instance,  some  of  the  flint-pebbles  which  have  con- 
tributed to  the  recent  deposit  at  Landguard  Point  have  been 
brought  along  shore  a  great  distance  from  their  original  position 
on  the  cliff.  These  flints  formed  an  addition  to  the  sea-bed, 
and  tended  to  raise  its  general  level  by  chsplacing  an  amount  of 
water  equal  to  their  bulk  the  moment  they  fell  on  the  shore 
below  high-water  mark ;  and  it  is  quite  clear  tbeir  subsequent 
movements,  either  beneath  the  waves  or  on  the  beach,  could  pro- 
duce no  further  effect  upon  the  sea-level,  the  spaces  they  occu- 
pied on  one  part  of  the  coast  being  balanced  by  the  vacancy  left 
at  some  other.  It  is  also  evident  that  the  beach  at  Landguard 
Point  will  go  on  extending  so  long  as  the  fresh  supplies  of 
shingle  and  sand  from  the  north  exceed  the  removals  southward. 
In  the  same  manner  the  continued  supplies  of  pebbles  from 
the  westward  enables  the  Chesil  Bank  to  preserve  its  position. 
As  soon,  however,  as  any  distm'bing  causes  interrupt  the  sup- 
plies of  new  material,  the  sand  and  shingle  beaches  dependent 
upon  them  must  soon  disappear ;  and  in  fact  the  termination  of 
every  beach  will  be  at  that  point  where  the  waste  and  abrasion 
by  breaker-action  are  balanced  by  the  supply  of  pebbles  and  sand 
drifted  from  other  places.  Although  it  appears  clear  that  only 
the  detritus  obtained  from  cliffs  above  high-water  mark  need  be 
taken  into  calculation,  yet  I  regret  to  find  that  scarcely  any  data 
of  this  kind  exist,  and  therefore  it  is  not  possible  to  ascertain 
the  probable  effect  upon  the  sea-level  that  is  being  produced  by 
the  detritus  so  derived.  In  the  same  manner  the  per-centage  of 
soluble  salts  in  the  water  of  the  few  large  rivers  of  which  notes 
have  been  published  has  not  been  given  separately  from  the  per- 
centage of  matter  in  suspension,  and  therefore  we  are  in  igno- 
rance of  the  su])plies  that  are  annually  introduced  into  the  ocean 
from  the  formation  of  submarine  deposits  from  materials  dissolved 
in  the  sea-water.  "When  the  rise  in  the  sea-level  from  the  effect 
of  alluvium  brought  in  suspension  by  rivers  was  being  considered, 
I  supposed  that  that  cause  alone  might  produce  an  elevation  of 
1  foot  in  54,000  years ;  but  in  order  to  make  some  allowance  for 
the  similar  effects  that  must  be  produced  by  the  introduction 
into  the  ocean  of  materials  from  above  high-water  mark  on  coast- 
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lines*  by  breaker-action,  and  also  by  the  formation  of  submarine 
deposits  from  materials  which  were  brought  into  the  ocean  in 
solution,  I  now  propose  to  consider  that  all  these  causes  together 
might  produce  an  elevation  of  the  sea-level  equal  to  1  foot  in 
40,000  years,  or  3  inches  in  10,000  years. 

Mr.  Darwin  has  remarked,  that  "  the  knowledge  of  any  result, 
which,  with  sufficient  time  allowed,  can  be  produced  by  causes, 
though  appearing  infinitely  improbable,  is  valuable  to  the  geo- 
logist, for  he  by  his  creed  deals  with  centuries  and  thousands  of 
years  as  others  do  with  minutes."  For  these  reasons,  even  if, 
upon  further  investigation,  it  should  be  found  that  the  true  rise 
in  the  sea-level  is  much  less  than  3  inches  in  10,000  years  (in 
periods  undisturbed  by  subsidences  and  elevation),  yet  it  may 
still  be  an  iuiportant  clement  in  accounting  for  those  changes 
which  we  are  now  about  to  consider. 

Part  II, 

Allusions  have  been  already  made  to  the  difficulty  of  proving 
whether  or  not  the  sea-level  had  been  gradually  elevated,  because 
the  rise  of  the  waters  would  conceal  the  evidence  of  their  former 
height  except  just  at  the  mouths  of  rivers,  where  deposits  of  flu- 
viatile  alluvium  might  raise  the  land  from  time  to  time  and  keep 
it  above  the  waves.  The  recent  strata  formed  at  a  few  such  loca- 
lities have  been  described  by  the  best  observers;  and  while  there 
are  appearances  in  several  cases  which  might  be  to  some  extent 
explained  by  the  sujjposition  of  a  gradual  rise  of  the  sea-level, 
yet  no  proof  could  be  obtained  without  the  concurrent  testimony 
of  a  much  greater  number  of  instances  than  have  yet  been 
brought  fonvard.  Sufficient  information,  it  appears,  exists  to 
show  that  the  quantity  of  alluvium  in  the  deltas  of  such  rivers 
as  the  Mississippi,  Ganges  and  Po,  is  so  enormous,  that  the  accu- 
nuilation  must  have  occupied  a  period  of  time  during  which  it 
would  not  be  possible  to  conceive  the  sea-level  stationary. 

Little  progress  coukl  be  made  in  an  inquiry  of  this  kind  with- 
out clear  views  of  the  operations  of  rivers.  The  recent  reports 
of  engineers  upon  this  subject  supply  an  important  link  in  the 
chain  of  evidence,  and  enable  us  to  vinderstand  the  laws  which 

*  The  rough  estimation  of  the  extent  of  coiist-hne,  kindly  snjjphed  hy 
Mr.  A.  K.  Johnston  (Nov.  1852j,  is  as  follows: — 

Nautical  miles  English  statute  miles 

;60  to  a  dcpree).  (()9i  to  a  deirrec". 

Europe      .     .     .  \l,2m  20,425 

Asia      ....  .'lO.SOO  3-1,825 

Africa  ....  14,000  16,(J25 

America    .     .     .  ::i7,600  44,656 

99,600  116,531 
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govern  the  formation  of  alluvial  plains  along  the  lower  parts  of 
all  river-courses. 

The  diagram  (fig.  8)  represents  a  section  of  600  miles  of  North 
America^  through  the  alluvial  plains  and  delta  of  the  Mississippi*, 
together  with  a  section  of  the  Gulf  of  IMexico,  from  a  point  100 
miles  east  of  the  Balize  to  the  continent  of  South  America.  The 
sea-bottom  is  marked  from  the  soundings  on  the  Admiralty 
Chart,  and  tlie  depth  of  the  JMississippi  and  its  fluviatile  deposit 
are  inserted  from  statistics  collected  by  Sir  C.  Lyellf. 

It  will  be  seen  that  the  level  of  the  water  in  the  Mississippi, 
near  its  junction  with  the  Ohio,  nearly  600  miles  from  the  Gulf 
of  ]\Iexico,  is  275  feet  above  that  of  the  sea.  The  slope  of  the 
alluvial  plains  through  which  the  river  winds  will  therefore  be 
less  than  1  foot  in  10,000. 

The  hills  bo'"dering  the  valley  of  the  Mississippi  are  cut 
through  in  several  places  by  the  river,  thereby  exposing  good 
sections  of  their  component  strata,  consisting  of  alluvial  deposits 
thought  to  be  much  more  ancient  than  those  we  are  about  to 
consider. 

An  area  of  16,000  square  miles  is  occupied  by  the  more  modern 
alluvial  formation  between  the  head  of  the  delta  and  the  junction 
of  the  Ohio  J.  It  is  supposed  to  be,  in  the  average,  264  feet 
deep,  and  is  from  30  to  80  miles  wide.  The  true  delta  extends 
over  14,000  square  miles,  occupying  a  frontage  of  2\  degrees  on 
the  coast-line  of  the  Gulf  of  Mexico,  and  extends  180  miles 
inland.  At  its  southern  extremity  its  surface  is  hardly  above 
the  level  of  high  tides,  but  it  rises  gradually  as  it  passes  inland, 
and  at  New  Orleans  is  nearly  10  feet  above  the  sea-level. 

A  boring  near  LakePontchartain,  of  600  feet,  failed  to  penetrate 
the  modern  alluvium ;  and  wherever  excavations  are  made,  the 
remains  of  trees  are  frequently  found,  apparently  in  the  places 
where  they  grew,  but  now  far  below  the  sea-level.  Sir  Charles 
Lyell  computes  its  average  depth  at  528  feet,  and.  consequently 
nearly  the  whole  of  this  modern  deposit  is  below  the  sea-level, 
yet  is  supposed  not  to  contain  marine  remains.  The  fall  of  the 
Mississippi  during  a  course  of  600  miles  is  shown  by  fig.  8 ; 
the  depth  of  the  channel  varies  from  80  to  200  feet  until  it 
approaches  the  Balize,  where  it  shallows  to  16  feet.  The  rise  of 
the  tide  at  this  point  is  only  2  feet.  The  depth  of  the  alluvial 
deposit  below  the  river-channel  is  also  indicated,  together  with 

*  For  a  most  valuable  detailed  description  of  the  physical  geography, 
&c.  of  the  Mississippi  and  Ohio  valley,  see  Mr.  C.  Ellet's  paper,  Smith- 
sonian Contributions,  vol.  ii.  1851. 

t  See  note,  p.  262. 

X  Lvell's  Second  Visit  to  the  United  States,  1849,  vol.ii.  pp.  146-152, 
155, 169, 194, 195, 203,  243,  &c. 
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the  surface  of  the  more  ancient  formation  u])on  which  the  Mis- 
sissip})i  has  formed  this  p;rcat  aUuvial  deposit,  the  bottom  of 
which  is  now  more  than  500  feet  below  the  present  sea-leveh 

Mr.  Charles  EUet,  Jan.,  in  a  Report  to  the  American  Secre- 
tary at  War,  January  29,  1851,  communicates  the  information 
from  which  the  diagrams  figs.  1  and  2  are  constructed.  See  p.  259. 

The  theory  of  i\Ir.  C.  Ellet  is,  that  tlie  velocity  of  the  stratum 
of  fresh  water  (fig.  1)  is  communicated  entirely  to  the  underlying 
stratum,  composed  of  salt  water,  partially  to  the  next  stratum  3, 
but  not  at  all  to  stratum  4,  which  is  stationary  :  stratum  5  is  also 
marine,  but  it  flows  in  an  opposite  direction  to  the  rest,  and 
restores  the  salt  water  which  is  carried  away  by  the  friction  of 
the  upper  stratum,  No.  1,  against  the  surface  of  No.  2. 

It  is  supposed  that  the  rapid  increase  of  deposit  at  the  bar, 
fig.  1,  arises  from  stratum  No.  5  carrying  mud  to  that  point, 
where  its  velocity  is  partially  neutralized  by  impinging  against 
stratum  No.  1. 

From  the  following  particulars  of  the  deltas  of  the  Ganges  and 
Po,  it  would  appear  that  they  are  similarly  situated  to  the  Missis- 
sippi. "  An  Artesian  well  at  Fort  ^^'illiam  near  Calcutta,  in  the 
year  1835,  displayed  at  a  depth  of  50  feet  a  deposit  of  peat  with 
a  red-coloured  wood  similar  to  that  now  living.  At  120  feet 
clay  and  sand  wdth  pebbles  were  met  w'ith.  At  the  depth  of  350 
feet  a  freshwater  tortoise  and  part  of  the  humerus  of  a  ruminant 
were  found.  At  380  feet,  clay  wdth  lacustrine  shells  was  incum- 
bent upon  what  appeared  to  be  another  dirt-bed  or  stratum  of 
decayed  wood.     At  400  feet  they  reached  sand  and  shingle*." 

In  the  delta  of  the  Po,  a  well  bored  400  feet  failed  to  pene- 
trate the  modern  alluvial  deposit ;  very  near  the  bottom  it  pierced 
beds  of  peat,  similar  to  those  now  forming.  The  coarser  par- 
ticles of  mud  which  have  already  passed  the  mouths  of  rivers 
may  contribute  to  the  marine  or  fluvio-marine  deposits  forming 
outside  deltas ;  but  this  can  only  be  to  a  limited  extent,  as  the 
great  bulk  of  the  mud  is  far  too  fine  to  settle  near  the  coast. 
Little  material  could  be  obtained  from  cliffs  along  the  sea  coasts, 
but  we  have  information  of  marine  currents  specially  bringing 
sand  and  mud  from  other  parts  of  the  sea-bottom  to  the  neigh- 
bourhood of  deltas.     (See  Mr.  Ellet's  observations.) 

For  these  reasons,  if  the  further  examination  of  the  deltas  of 
the  ^Mississippi  and  other  rivers  should  lead  to  the  discovery  of 
some  recent  marine  or  fluvio-marine  strata,  it  may  turn  out  that 
such  deposits  have  been  more  rapidly  accumulated  than  the 
purely  fluviatile  beds  with  which  they  may  be  associated.  In 
estimating  the  age  of  deltas,  allowance,  however,  ought  to  be 
made  for  such  contingences,  and  also  for  their  organic  contents. 
*  Lyell,  loc.  cit.  p.  248 ;  and  Principles,  p.  267-270. 
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Let  us  now  turn  to  fig.  9,  which  exhibits  Sir  Charles  Lyell's 
transverse  section  of  the  channel  and  plains  of  the  Mississippi, 
and  at  all  points  throughout  a  course  of  several  hundred  miles. 
The  dotted  lines  are  introduced  to  show  the  variation  of  the 
water-level  in  the  wet  and  dry  seasons,  h,  b  represent  the  arti- 
ficial Levee;  d,  d  the  banks  and  plains;  m,  m the  swamps  of  the 
Mississippi.  "  The  banks*  are  higher  than  the  bottom  of  the 
swamps,  because,  when  the  river  overflows,  the  coarser  part  of  the 
sediment  is  deposited  on  the  banks,  where  the  speed  of  the  current 
is  first  checked  "  (Lyell) .  The  channel,  however,  is  so  mde  and 
deep,  that  even  if  there  were  no  artificial  banks  to  prevent  floods, 
the  river  would  carry  into  the  Gulf  of  Mexico  the  principal  mass 
of  the  mud  it  had  received  with  the  water  of  its  tributaries ;  for 
it  is  only  for  a  short  time  in  the  year  that  the  level  of  water  in 
the  river  is  above  that  of  the  adjoining  plains.  The  swamps  and 
the  numerous  lakes  formed  by  deserted  river-bends  communicate 
at  all  times  of  the  year  with  the  main  stream.  In  these  places 
mud  could  be  constantly  deposited  mingled  with  the  remains  of 
the  vegetation  which  grows  luxuriantly  in  the  swamps.  The  only 
supply  of  inorganic  matter  for  raising  the  level  of  the  vast  plains 
through  which,  the  river  winds  for  hundreds  of  miles,  must  be 
the  mud  deposited  upon  them  during  the  periodical  floods.  These 
are  very  much  prevented  by  the  artificial  levee ;  but  when  they 
do  occur,  their  force  is  augmented  by  the  water  being  artificially 
dammed  up. 

"  I  have  seen,  says  an  eye-witness,  when  the  banks  of  the 
Mississippi  burst,  the  water  rush  through  at  the  rate  of  ten  miles 
an  hour,  sucking  in  flat  boats  and  carrying  them  over  a  watery 
waste  into  a  dense  swamp  forest "  (Lyell) .  It  would  a])pear 
that  the  Mississippi  difl"crs  in  size  and  proportion  more  than  in 
other  respects  from  our  rivers.  For  instance,  when  floods  occur 
upon  our  own  alluvial  plains,  they  are  most  conspicuous  at  a 
distance  from  the  stream  which  caused  them,  indicating  that  the 
parts  of  the  plains  nearest  the  banks  are  higher  than  those  at  a 
distance  from  it,  and  therefore  that  fig.  9  would  also  represent 
the  ti-ansverse  section  of  slow  rivers  generally.  The  similarity  of 
the  physical  features  presented  by  the  lower  parts  of  all  rivers 
was  particularly  remarked  by  Huttonf. 

It  has  been  obsei*ved  by  engineers  J,  that  in  all  rivers  in  this 

*  There  is  a  similar  section  of  the  Nile  and  its  banks  published  in  the 
fourth  volume  of  the  Quarterly  Journal  of  the  Geological  Society,  p.  o44, 
but  communicated  by  Lieut.  Newbold  in  lS-42. 

t  Theory  of  the  Earth,  vol.  ii.  p.  205-21 1 . 

X  On  this  and  the  following  points  see  First  Report  of  the  Tidal  Har- 
bours Commission,  above  referred  to,  whicii  contains  the  oi)iui(.ns  of  our 
most  celebrated  engineers  on  the  plucuomeua  presented  by  tidal  and  other 
rivers. 
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country  the  large  quantities  of  silt  brought  into  them  by  winter 
freshets  do  not  tend  to  choke  the  channels,  but  that,  at  that 
period  of  the  year,  former  accumulations  of  deposit  are  actually 
removed  by  the  force  of  the  stream  ;  and  therefore,  that  although 
winter-freshets  bring  down  silt  with  them,  they  carry  into  the 
sea  a  larger  quantity  than  they  have  introduced  into  river  chan- 
nels. If  it  were  allowable  to  assume  that  the  unequal  supply  of 
water  at  different  seasons  of  the  year  produces  effects  in  the  chan- 
nel of  the  Mississippi  similar  to  these  just  described  on  our  own 
streams,  the  following  account  would  represent  the  course  of 
events.  The  diminution  of  the  speed  of  the  current  of  rivers 
assists  the  deposition  of  silt  upon  their  beds,  as  much  as  its 
increased  speed  in  the  winter  season  favours  its  removal.  The 
summer  deposit,  however  thin  it  may  be,  cannot  oecm*  without 
contracting  the  sizes  of  the  channel. 

Winter-freshets  following  a  sudden  fall  of  rain  would  raise  the 
water-level  of  rivers  rapidly,  and  carry  it  above  the  banks  before 
the  augmented  current  has  time  to  scour  the  river-channel  and 
raise  it  to  its  former  capacity.  Accumulations  of  silt,  small  at 
any  one  place,  must  each  raise  the  water  a  little  above  its  proper 
level,  and  the  point  of  overflow  will  be  where  the  sum  of  these 
small  elevations  amounts  to  more  than  the  height  of  the  banks 
above  last  yearns  level.  But  floods  leave  a  deposit  of  silt,  &c. 
upon  the  banks  they  pass  over,  which  increases  the  capacity  of 
the  channel ;  and  until  new  deposit  has  again  reduced  the  area 
of  the  stream  below  its  proper  size,  inundations  will  not  occur. 

As  each  flood  raises  only  the  part  of  the  bank  it  flows  over,  it 
is  easy  to  see  that  the  point  of  overflow^  will  be  changed  from 
time  to  time  :  and  every  part  of  the  alluvial  plains  through  w^hich 
a  river  flows  will  be  visited  in  turn  by  floods,  provided  there  are 
no  artificial  banks.  These  banks  assist  the  scouring  power  of 
rivers  in  winter,  because  they  retain  more  water  in  the  river ; 
but,  on  the  other  hand,  silt  that  would  have  been  carried  over 
the  banks  is  kept  within  the  channel,  and  this  may  be  the  reason 
why  the  beds  of  all  navigable  rivers  have  become  so  much  elevated 
duiing  the  historical  period.  The  contraction  of  water-channels 
in  summer,  and  their  enlargement  in  winter,  is  thus  directly 
traced  to  the  unequal  supply  of  rain  at  different  periods  of  the 
year. 

This  being  admitted,  wx  have  an  explanation  of  the  manner  in 
which  rivers  may,  by  a  succession  of  floods,  build  upon  alluvial 
deposits  along  their  courses,  at  the  same  time  raising  their  beds 
in  proportion  to  the  height  of  their  plains. 

If  river-channels  were  perfectly  symmetrical  in  form,  the  iden- 
tical sediment  that  had  fallen  in  summer  might  be  removed  again 
in  winter.     It  is,  however,  well  known  that  river-channels  are 
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deep  on  one  side  and  shallow  on  the  other.  The  principal 
deposit  therefore  takes  place  on  the  shallow  or  quiet  side,  and 
the  principal  removal  occurs  from  the  deep  side  where  the  cur- 
rent runs  more  quickly. 

This  may  explain  why  the  traveller  on  the  Mississippi  sees  for 
hundreds  of  miles  a  caving  bank  on  one  side,  and  an  advancing 
sand-bar  on  the  other  (Lyell).  When  the  action  of  the  river 
is  also  unequal  on  its  two  banks  in  different  places  along  its 
course,  a  channel  consisting  of  curves  instead  of  straight  lines 
must  be  produced.  When  each  curve,  however,  had  assumed 
the  complete  horse-shoe  form,  the  water,  by  travelling  round  the 
outer  circumference  of  the  bend,  will  have  its  effective  speed 
reduced  to  that  on  the  inner  or  shallow  side.  The  current  would 
thus  become  more  nearly  equal  in  all  parts  of  the  channel,  and 
necessarily  the  deposit  likewise ;  and  in  winter  it  would  have  a 
nearly  equal  tendency  to  excavate  the  banks  on  both  sides,  which 
condition  of  equilibrium  might  last  for  some  time. 

Hutton,  in  1795,  has  remarked,  that  there  is  evidence  of  de- 
nudation in  every  countiy  where  at  any  time  of  the  year  the 
streams  cany  off  any  particles  of  the  superficial  soil*.  The 
IMississippi  must  derive  its  vast  supplies  of  mud  from  thousands 
of  such  tributaries;  for  it  could  obtain  them  from  no  other 
source,  unless  we  suppose  it  abstracts  them  from  its  own  plains. 
Certainly  in  many  places  soil  is  being  removed  from  one  part  or 
other  of  its  plains ;  but  an  equal  quantity  must  be  added  to  some 
other  part,  for  the  river  could  not  make  a  permanent  inroad  into 
its  plains  without  enlarging  its  channel.  This  it  does  not  do, 
or  it  would  be  able  to  carry  off  the  winter-freshets  without  over- 
flowing, and  the  present  artificial  bank  would  be  unnecessaiy. 

I  have  thus  brietiy  referred  to  obsenations  made  by  British 
engineers  which  may  throw  some  light  on  the  causes  of  periodical 
floods,  and  changes  of  channel  in  rivers,  and  also  upon  the  for- 
mation of  alluvial  plains  along  their  course.  These  questions 
need  not  further  be  entered  into,  because  the  limited  growth  of 
alluvial  plains  and  deltas  may  be  best  illustrated  by  tracing  the 
alteration  in  the  mean  level  of  a  large  part  of  North  America 
that  would  be  consequent  upon  a  denudation  sufficiently  exten- 
sive to  furnish  the  alluviimi  said  to  exist  in  the  valley  of  the 
Mississippi.  On  the  borders  of  the  Gulf  of  Mexico  at  the  pre- 
sent time  marine  strata  are  forming  within  a  short  distance  of 
the  fluviatile,  and  frequently  alternate  with  them,  because  spaces 
of  the  sea-shore  are  enclosed  by  banks  of  river-mud  and  con- 

*  Our  clearest  streams  nin  muddy  in  a  flood.  The  great  causes,  there- 
fore, for  the  degradation  of  nioiuitains  never  stop  as  long  as  there  is  water 
to  run ;  although,  as  the  heights  of  mountains  diminish,  the  progress  of 
their  diminution  may  be  more  and  more  retarded.     Op.  cit.  vol.  ii.  p.  205. 
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verted  iuto  lakes  ordinarily  communicating  with  the  river,  but 
sometimes  with  the  sea  after  high  tides. 

The  present  marine  or  fluvio-marine  deposits  must  be  composed 
of  mud  that  has  passed  the  mouth  of  the  river,  or  washed  up  by  the 
sea,  while  the  freshwater  strata  must  be  entirely  formed  from  sand 
and  mud  carried  over  the  river  banks,  or  deposited  on  the  bot- 
tom of  lakes  supplied  by  the  stream  before  it  enters  the  Gulf  of 
Mexico.  An  idea  of  the  amount  of  denudation  that  has  taken 
place  in  the  interior  of  N.  America  might  be  either  obtained  from 
the  extent  of  the  marine  deposits  formed  of  mud  that  had  passed 
the  mouth  of  the  river,  or  from  that  of  the  purely  fluviatile  and 
contemporaneous  deposits  formed  from  mud  which  had  never 
entered  the  Gulf  of  Mexico. 

But  it  is  also  necessary  to  estimate  what  proportion  of  the 
total  quantity  of  mud  brought  down  by  the  river  is  carried  com- 
pletely out  to  sea,  compared  to  what  is  left  either  upon  the 
marine  or  flmdatile  portion  of  the  delta. 

Sir  Charles  Lyell  has  i-emarkcd,  that  the  alluvium  now 
remaining  in  the  valley  of  the  Mississippi  can  only  represent  a 
fragment  of  what  has  passed  into  the  Gulf  of  Mexico ;  and  this 
can  readily  be  believed  when  we  reflect  upon  the  depth  and 
breadth  of  the  channel,  and  upon  the  short  period  of  the  year 
that  the  stream  would  throw  any  large  quantity  of  mud  into  the 
plains  even  if  there  were  no  artificial  banks.  We  must  also  bear 
in  mind  that  only  the  coarse  mud  could  settle  near  the  shore, 
for  the  finer  particles  could  not  deposit  except  in  very  deep  water. 
For  these  reasons,  even  if  the  mud  carried  beyond  the  mouth  of 
the  river  is  only  ten  times  the  quantity  left  behind  on  the  fluvia- 
tile portion  of  the  delta  and  plains  of  the  Mississippi,  this  amount 
of  detritus  could  not  be  obtained  without  the  mean  level  of  one- 
fifth  part  of  North  America  being  reduced  100  feet  by  denuda- 
tion affected  by  the  action  of  rain,  the  atmosphere,  and  running 
water*.  But  Hutton  (vol.  ii.  p.  401)  remarks,  in  1795,  that 
wherever  any  stream  carried  off  particles  of  soil  in  its  waters  at 
any  period  of  the  year,  it  might  be  said  that  denudation  was 
taking  place  in  that  country;  yet  he  particularly  observed  that 
the  waste  of  land  was  very  unequal,  being  much  more  rapid  in 
the  elevated  than  in  the  more  level  parts  of  any  district.  It  is 
therefore  possible  that,  during  the  reduction  of  the  mean  surface- 
level  of  the  land  drained  by  the  Mississippi  to  the  amount  of  100 
feet,  some  portions  of  the  area  might  be  lowered  many  times  that 
amount,  Avhile  other  portions  might  suffer  little,  or  be  positively 
raised  by  the  superposition  of  alluvial  deposit.     We  are,  however, 

*  The  data  for  calculating  the  annual  quantity  of  detritus  carried  over 
the  river's  banks,  in  relation  with  that  carried  down  to  the  sea,  are  very 
imperfect.     Further  information  on  this  subject  is  much  needed. 
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informed  by  Sir  Charles  Lyell,  that  the  Mississippi  in  one  ])art 
of  its  course  cuts  through  ancient  tluviatile  beds  evidently  ante- 
cedent to  those  recent  deposits  we  have  been  considering.  This 
formation  is  also  stated  to  contain  the  remains  of  species  of 
plants  and  animals  now  existing ;  so  that  evidence  is  to  be 
obtained  in  this  district  of  still  greater  denudations  (by  these 
results)  than  those  of  which  we  have  spoken,  an.d  which  would 
produce  changes  on  the  surface  of  the  earth  since  the  introduc- 
tion of  the  present  fauna  and  flora  of  extent  enough  almost  to 
realize  Hutton^s  vision  of  mountains  wasted  away  by  the  action 
of  rain,  the  atmosphere,  and  running-water,  and  carried  along 
river-courses  into  the  ocean.  It  is  not  necessaiy  to  take  an 
extreme  view  of  this  subject  to  gain  the  object  we  have  in  view, 
which  is  to  show  that,  during  the  time  occupied  by  the  forma- 
tion of  the  Mississippi  delta,  the  sea-level  might  be  perceptibly 
raised*  by  the  agency  of  physical  causes  now  in  operation. 

The  reasons  for  supposing  that  a  rise  of  3  inches  in  each  period 
of  10,000  years  might  occur,  have  been  already  discussed,  and 
it  only  remains  to  state  that,  at  the  present  rate  of  denudation, 
it  would  requii-e  five  such  periods  to  produce  the  quantity  of 
detritus  said  to  exist  in  the  valley  of  the  Mississippi ;  while  it 
would  require  fifty  such  periods  to  produce  the  requisite  quantity 
of  alluvium  on  the  supposition  that  only  one-tenth  of  the  mud 
in  transitu  through  the  river  was  appropriated  for  the  accumula- 
tion of  its  alluvial  plains  and  delta.  Under  these  circumstances 
it  appears  a  legitimate  conclusion,  that  the  level  of  the  sea  can- 
not be  considered  permanent  for  all  practical  purposes  when  it 
may  be  shown  that  it  might  be  disturbed  by  the  operation  of 
present  causes  during  the  ])eriod  occupied  by  the  construction  of 
a  single  geological  formation.  Elevations  and  subsidences  of 
the  land  or  sea-bottom  would  also  eflect  important  changes  in 
the  height  of  the  sea-level,  sometimes  counteracting  and  at  others 
adding  to  the  eifects  produced  by  the  continuous  operation  of 
rivers,  &c.  The  effects  produced  by  these  important  causes 
would  be  an  additional  reason  for  not  considering  the  sea-level 
permanent. 

It  is  hardly  necessary  to  add,  that  the  continual  waste  of  the 
earth^s  surface  by  the  carrying  of  materials  into  the  ocean  by 
rivers  and  breakers  particularly  attracted  the  attention  of  Hutton. 
He  considered t  that  this  was  counteracted  by  elevatory  move- 

*  This  change  of  level  may  amount,  imder  certain  circumstances,  to  a 
great  extent,  but  at  the  lowest  calculation  would  be  15  feet. 

t  These  remarks  of  Ilutton  are  here  introduced  because  he  takes  au 
entirely  different  view  of  this  subject  to  that  promulgated  by  Sir  Charles 
Lvell,  who  considers  that  there  has  been  alwavs  an  excess  oi'  subsidence. 
(See  Principles,  1850,  ]).  543.) 
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ments  of  the  sea-bottom  from  time  to  time,  but  particularly 
mentions  that  it  was  not  necessary  to  suppose  that  the  dry  land 
was  equally  extensive  at  all  periods.  Since  the  fluctuation  in 
the  sea-level  would  be  directly  consequent  upon  the  destruction 
of  laud  arising  from  the  operation  of  rain,  the  atmospherCj  and 
running  water  on  its  surface,  such  changes  would  be  in  harmony 
with  the  spirit  of  the  Huttonian  theory. 

Part  III. 

The  average  thickness  of  the  deposit  formed  on  the  sea-bottom 
by  the  solid  materials  brought  on  to  it  from  all  sources  has  been 
estimated  in  the  preceding  part  of  the  paper  at  3  inches  in 
10,000  years,  producing  an  elevation  of  that  amount  in  the  sea- 
level  in  the  same  period.  Some  portion  of  the  oceanic  area  may 
be  supposed  to  receive  no  part  of  this  supply,  while  other  locali- 
ties nearer  the  coast-line  obtain  a  great  deal  more  than  the  average. 
In  the  interval  between  these  places,  where  the  rate  of  deposit 
is  extremely  high,  and  those  where  it  is  extremely  low,  must  lie 
an  extensive  tract  of  sea-bottom,  where  the  accumulation  of 
detritus  does  not  much  differ  from  the  average  rate,  which  we 
have  supposed  to  be  3  inches  in  10,000  years.  Such  localities 
may  be  more  extensive  near  those  parts  of  the  ocean-bottom 
which  receive  no  supplies  of  detritus  whatever,  but  they  must 
stretch  up  to  the  coast-line  in  many  places.  For  instance,  if  it 
is  supposed  that  a  supply  of  10  cubic  feet  of  sand  or  mud  is 
obtained  from  each  foot  of  frontage  of  any  coast-line,  and  distri- 
buted between  high-water  mark  and  20  miles  distant,  it  might 
raise  the  mean  level  of  that  portion  of  sea-bottom  1  foot  in 
10,000  years. 

Rivers  opening  on  to  the  shore  might  also  bring  down  a  still 
greater  quantity  of  material ;  but  although  tides  and  currents 
are  at  woi-k  removing  the  sea-bed  in  one  place  and  forming 
sedimentary  strata  in  others  from  the  old  and  new  materials, 
there  must  everywhere  be  portions  of  every  sea-bottom  where 
the  rate  of  deposit  is  intermediate  between  the  highest  and  low- 
est, and  may  often  not  differ  much  from  that  of  3  inches  in 
10,000  years.  These  portions  of  the  great  oceanic  area,  wherever 
they  may  be  situated,  are  particularly  interesting,  because  on 
them  the  accumulation  of  sedimentary  deposit  is  taking  place 
without  any  change  in  the  depth  of  watei-,  and  yet  without 
necessitating  the  supposition  of  gradual  subsidence  of  the  sea- 
bottom*.     Even  where  deposits  are  taking  place  much  faster 

*  The  effect  of  these  causes  on  the  general  depth  of  the  ocean  would  be 
of  little  importance  in  a  geological  point  of  view,  except  for  an  extended 
period  of  time,  such  as  must  have  elai)sed  during  the  construction  of  a  great 
serial  group  of  strata. 
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than  the  mean  rate,  the  variation  in  the  depth  of  water  would  be 
proportionately  less  than  if  the  sea-level  had  been  permanent. 

The  limited  supply  of  detritus  derived  from  cliffs,  and  the 
wide  distribution  of  that  from  rivers,  renders  it  difficult  to  ima- 
gine any  veiy  extensive  tract  of  sea-bottom  where  the  rate  of 
deposit  derived  exclusively  from  new  materials  should  many  times 
exceed  the  average.  Even  on  areas  where  extreme  eases  of  de- 
nudation and  deposition  occurred  (in  pei-iods  when  the  sea-bottom 
was  unaffected  by  movements,  subsidence  and  elevation),  there 
would  be  many  parts  where  the  condition  of  depth  would  remain 
unaltered,  because  on  them  the  rise  in  the  sea-level  would  com- 
pensate the  addition  to  the  sea-bottom.  Also  if,  in  periods  that 
are  past,  the  supplies  of  detritus  from  rivers  and  cliffs  were  many 
times  greater  than  at  present,  they  must  have  caused  propor- 
tionately greater  fluctuation  of  the  sea-level,  and  therefore  under 
such  circumstances  there  would  also  be  parts  of  the  oceanic  area 
receiving  deposit  at  the  same  rate  that  the  sea  was  rising.  There 
would  thus  have  been  opportunities  for  the  accumulation  of 
sedimentai'y  rocks  without  any  change  taking  place  in  the  depth 
of  the  water  they  were  formed  in,  during  the  intervals  when  the 
sea-bottom  was  undisturbed  by  subsidences  and  elevations.  For 
these  reasons,  in  examining  the  section  of  a  marine  formation 
containing  throughout  the  remains  of  the  same  species  of  Mol- 
lusca,  it  would  require  independent  evidence  to  determine  whether 
the  equal  depth  of  water  indicated  by  the  organic  remains  had 
been  preserved  during  the  formation  of  the  deposit  by  means  of 
changes  of  the  level  of  the  sea-bottom,  or  that  of  the  sea  itself, 
or  of  both  conjointly. 

Great  caution  must  also  be  requisite  in  judging  of  the  time 
occupied  in  the  formation  of  the  older  rocks  from  their  mineral 
character,  as  the  following  description  of  passing  events  will  also 
apply  to  periods  that  are  long  gone  by. 

Mr.  Austen  relates  in  one  of  his  papers,  that  "  with  a  con- 
tinued gale  from  the  west  large  areas  of  the  dredging-grounds 
on  the  French  coast  became  at  times  completely  covered  up  by 
beds  of  fine  marly  sand,  such  as  occurs  in  the  offing,  and  which 
becomes  so  hard  that  the  dredge  and  sounding-lead  make  no 
impression  upon  it :  with  the  return  of  the  sea  to  its  usual  con- 
dition, a  few  tides  suffice  to  remove  these  accumulations*.^' 

Mr.  Deane,  the  submarine  surveyor,  also  reported  to  the 
Institution  of  Civil  Engineers,  that  the  turn  of  the  tide  is  felt  as 
soon  near  the  sea-bottom  at  a  depth  of  120  feet  as  it  is  at  the 
surface ;  and  he  represents  that  the  loose  materials  covering  the 
Shambles  Rocks  are  moved  backwards  and  forwards  with  every 
tide. 

*  Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  ~9. 
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With  these  facts  before  us,  what  criterion  can  there  be  (even 
by  estimating  the  sources  of  the  detritus)  for  arriving  at  the 
niininuini  or  uiaxiiuuni  rate  at  which  sands  and  marls  become 
permanent  additions  to  the  sea-bed  ?  For  the  materials  may  pre- 
sent all  the  appearances  of  hasty  accumulation,  and  yet  the  interval 
of  time  between  the  deposit  of  two  strata  of  sand  now  contiguous 
may  have  been  occupied  by  countless  temporary  de})osits,  as 
quickly  brought  and  as  quickly  removed  by  the  tide,  and  leaving 
no  trace  whatever  of  their  existence.  For  the  same  reasons,  we 
cannot  be  certain  that  in  the  valley  of  the  Mississippi  we  have 
an  unbroken  sequence  of  iluviatile  strata,  in  which  the  accumu- 
lations of  one  century  form  the  base  for  those  of  the  next,  from 
the  bottom  to  the  top  of  the  series ;  because  there,  as  in  marine 
formations,  the  deposits  of  one  period  may  have  been  entirely 
removed  in  the  next.  It  is  therefore  possible  that  many  such 
movements  may  have  occurred,  and  that  the  delta  of  the  Missis- 
sippi may  have  occupied  a  longer  period  of  time  for  its  formation 
than  could  be  computed  from  any  data  remaining.  In  the  pre- 
ceding part  of  the  paper  the  conclusion  was  arrived  at,  without 
taking  an  extreme  view  of  the  rapidity  with  which  the  materials 
may  have  been  collected  for  its  deposition,  that  the  work  could 
not  have  been  completed  within  a  period  for  which  the  sea-level 
could  be  considered  permanent*. 

There  must  be,  however,  many  rivers  which  are  only  able  to 
afford  very  small  supplies  of  mud  to  any  alluvial  formations, 
either  from  deriving  their  water  from  lakes  or  from  countries 
with  a  very  small  rain-fall.  During  a  period  when  the  gradual 
elevation  of  the  sea-level  was  not  counteracted  by  the  effects  of 
more  powerful  causes,  there  would  be  conditions  near  the  mouths 
of  some  rivers  of  this  kind  for  the  surface  of  their  plains  to  be 
gradually  elevated  by  the  operation  of  winter  floods  at  a  rate 
somewhat  similar  to  that  of  the  sea-level.  In  this  manner  purely 
fluviatile  deposits  might  be  formed  in  the  neighbourhood  of  the 
ocean,  occupying  positions  similar  to  that  represented  in  the 
lower  part  of  the  longitudinal  section  of  the  Mississippi,  without 
the  necessity  of  supposing  any  subsidence  of  the  land.  In  the 
upper  portions  of  such  rivers,  the  periodical  floods,  assisted  by  the 
accumulation  of  terrestrial  remains  in  the  adjoining  plains,  would 
add  stratum  after  stratum  during  periods  when  the  surface  of 
the  country  was  unaffected  by  subterranean  movements.  It  is 
probable  that  the  rate  of  deposit  might  be  accelerated  in  periods 
of  subsidence ;  but  the  manner  in  which  rivers  form  plains  along 

*  It  Is  hoped  that  in  the  course  of  a  few  years  enoujrh  data  will  be  forth- 
coming to  dcteiniine  more  nearly  the  importance  of  this  variation  of  level 
in  a  geological  point  of  view. 
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their  course  in  all  countries  under  ordinary  conditions^  when  no 
subsidence  or  elevation  is  occurring,  was  traced  by  Hutton. 

Even  if,  in  ancient  periods,  the  rate  of  denudation  was  greater 
than  at  present,  and  the  supplies  of  detritus  to  rivers  more  ex- 
tensive, the  fluctuations  of  the  sea-level  and  the  elevation  of  the 
beds  and  plains  of  rivers  would  have  been  proportionately  greater. 
There  would,  therefore,  still  have  existed  some  localities  where 
the  rate  of  the  formation  of  alluvial  plains  near  the  sea  kept  pace 
with  the  elevation  of  the  waters ;  so  that,  as  at  the  present  time, 
conditions  would  have  existed  for  the  accumulation  of  fluviatile 
strata  containing  terrestrial  remains  without  any  subsidence  of 
the  land.  This  is  a  subject,  however,  that  must  be  further 
studied,  more  especially  when  its  value  is  considered  in  relation 
to  the  great  masses  of  fluviatile  strata  either  of  the  Mississippi, 
the  Ganges,  the  Nile,  or  the  Po,  For  the  above  reasons  it  would  be 
difficult  to  determine,  when  examining  sections  of  thick  fluviatile 
strata,  whether  these  accumulations  of  detrital  matter  had  been 
formed  during  subsidence  of  the  land,  or  during  the  gradual 
elevation  of  the  level  of  rivers  and  seas,  arising  from  the  con- 
tinual operation  of  ordinary  physical  causes. 

XLII.  Note  on  the   Geometrical  Representation  of  the  Integral 
fdx-T-  s/  (xH-aj(x  +  b)(x  +  c).^    By  Arthur  Cayley*. 

THE  equation  of  a  conic  passing  through  the  points  of  inter- 
section of  the  conies 

is  of  the  form 

w{x^  +  y2  +  .2)  ^  ax"'  +  h}f  +  cz" = 0, 

where  w  is  an  arbitrary  parameter.  Suppose  that  the  conic 
touches  a  given  line,  Ave  have  for  the  determination  of  w  a  qua- 
dratic equation,  the  roots  of  which  may  be  considered  as  para- 
meters for  determining  the  line  in  question.  Let  one  of  the 
values  of  iv  be  considered  as  equal  to  a  constant  quantity  k,  the 
line  is  always  a  tangent  to  the  conic 

k.{x^  +  y^  +  Z-)  +  ax^  +  by'  -\-cz^  =  0; 
and  taking  w=p  for  the  other  value  of  w,  jd  is  a  parameter 
determining  the  particular  tangent,  or,  what  is  the  same  thing, 
determining  the  point  of  contact  of  this  tangent. 
The  equation  of  the  tangent  is  easily  seen  to  be 

^  \^b  —  c  V'a  +  k  \/a  +j>  +  y  ^c—a  \^h  +  k  \^b+p 

+  z  \^a  —  b  v/c  +  /t  \'^c+p  =  0. 

*  Communicated  by  the  Author. 
Phil.  Mag.  S.  4.  Vol.  5.  No.  32.  April  1853.  U 
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Suppose  that  the  tangent  meets  the  conic  o,-^  +  y^  +  r^  =  0  (which 
is  of  course  the  conic  corres])onding  to  /<;=  x  )  in  the  points  P,  P', 
and  let  6,  x  be  the  parameters  of  the  point  V,  and  &,  x  the 
parameters  of  the  point  P',  i.  e.  (repeating  the  dehnition  of  the 
terms)  let  the  tangent  at  P  of  the  conic  a '^  + //^  +  ^- =  0  be  also 
touched  by  the  conic  6{x'^  +  y^ -\-z'^)-\-ax^-\-bif-  +  cz^=iO,  and 
similarly  for  6'.  The  coordinates  of  the  point  P  are  given  by 
the  equations 

x:y:  z=  \^b  —  c  Va  +  d  :  </c—a  V'b  +  O  :  Va  —  0  \^c  +  d; 

and  substituting  these  values  in  the  equation  of  the  line  PP',  we 
have 

{b  —  c)  \^a-\-k  Va+p  \^a-\-d-\-  {c—a)  Vb  +  k  \^b-\-p  Vb-\-d 

+  {a  —  b)  Vc  +  kVc-\-p  Vc  +  d  =  Q (*), 

an  equation  connecting  the  quantities  p,  6.  To  rationalize  this 
equation,  write 

V {a-\-  k){a-\-p){a-\-  d)=X+ fia 

V{b  +  k){b-^p){b  +  e)=\  +  fxb 

\/  {c  +  k){c+p){c  +  e)=\  +  fjic, 

values  which  evidently  satisfy  the  equation  in  question.  Squaring 
these  equations_,  we  have  equations  from  which  X^,  Xfju,  fju^  may 
be  linearly  determined ;  and  making  the  necessary  reductions, 
we  find 

X,2  =  abc  +  kp6 

—  2\/ji,  =  bc  +  ca  +  ab—{p6  +  kp  +  kO) 
ix'^  =  a  +  b  +  c  +  k+p  +  d. 
Or,  eliminating  \,  fi, 

{bc  +  ca  +  ab-{pd  +  kp  +  kd)y 
—4{a  +  b  +  c  +  k+p  +  6) {abc  +  kp6)  =0  (*) 
which  is  the  rational  form  of  the  former  equation  marked  (*). 
It  is  clear  from   the   symmetry  of  the  formula,  that  the  same 
equation  would  have  been  obtained  by  the  elimination  of  L,  M 
from  the  equations 

\^{k  +  a){k  +  b){k  +  c)^'L  +  Mk, 

^{p  +  a){p  +  b){p^-c)  =  L  +  Mjo, 

V{e+a){e+b)ie+c) = l + ue. 

And  it  follows  from  AbePs  theorem  (but  the  result  may  be 
verified  by  means  of  Euler^s  fundamental  integral  in  the  theory 
of  elliptic  functions),  that  if 

*/«  v{ae  +  a){a:  +  b){x-\-c) 
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then  the  algebraical  equations  (*)  are  equivalent  to  the  trans- 
cendental equation 

+n(/t)±n(jo)+n^=0; 

the  arbitrary  constant  which  should  have  formed  the  second 
side  of  the  equation  having  been  determined  by  observing  that 
the  algebraical  equation  gives  iov  p  =  6,k=^  a  system  of  values, 
which,  when  the  signs  are  properly  chosen,  satisfy  the  transcen- 
dental equation.  In  fact,  arranging  the  rational  algebraical 
equation  according  to  the  powers  of  k,  it  becomes 

k^{p-0f  (*) 

-2k{pe{p  +  d)-{-2{a  +  b  +  c)pe+{bc  +  ca  +  ab){p  +  e)+2abc} 

+p^e^-2{bc  +  ca  +  ab)pe-4abc{p  +  6) 
+  a^  +  b^  +  c'^-2bc-2ca-2ab  =  0', 

which  proves  the  property  in  question,  and  is  besides  a  very  con- 
venient form  of  the  algebraical  integral.  The  ambiguous  signs 
in  the  transcendental  integral  are  not  of  course  arbitrary  (indeed 
it  has  just  been  assumed  that  for  p  =  d,  Up  and  Ud  are  to  be 
taken  with  opposite  signs),  but  the  discussion  of  the  proper 
values  to  be  given  to  the  ambiguous  signs  would  be  at  all  events 
tedious,  and  must  be  passed  over  for  the  present. 

It  is  proper  to  remark,  that  6=p  gives  not  only,  as  above 
supposed,  k  =  ao  ,  but  another  value  of  k,  which,  however,  cor- 
responds to  the  transcendental  equation 

±Uk±2Up  =  0. 
The  value  in  question  is  obviously 

p^-2{bc  +  ca  +  ab)p^-8abcp+a^+b'^+<^-2bc-2ca-2ab 
{p  +  a){p  +  b){p  +  c) 

Consider,  in  general,  a  cubic  function  sa^  +  Shx^y  +  ^cx^/  +  dy^, 
or,  as  I  now  write  it  in  the  theory  of  invariants,  (a,  b,  c,  d)  {x,  iff , 
the  Hessian  of  this  function  is 

(ac-b^   ^(ad-bc),  bd-c2)(.r,  y)^, 

and  applying  this  formula  to  the  function  {p  +  o){p  +  h){p-\-c), 
it  is  easy  to  write  the  equation  last  preceding  in  the  form 

,       ,       ,      9  Hessian  (»-!-« j3  + 6  JO +  c) 

4/;=;;  — (a  +  6  +  c) -. — ; — ^f — -—-, — -^^r — , 

which  is  a  formula  for  the  duplication  of  the  transcendent  11^. 
Reverting  now  to  the  general  transcendental  equation 

+n(A:)±n(;))±n(6i)=o, 

U2 
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we  have  in  like  manner 

±n(^)±n(;j)+n(6')=o. 

And  assuming  a  proper  correspondence  of  the  signs,  the  elimina- 
tion of  n(7>)  gives 

n6''-n^=2n(yt); 

i.  e.  if  the  points  P,  P'  upon  the  conic  x^-{-y^  +  z^=iO  are  such 
that  their  parameters  6,  &  satisfy  this  equation,  the  line  PP'  will 
be  constantly  a  tangent  to  the  conic 

^(a-^  +  yH  z'^)  +  {ax^  +  hif  +  cs')  =0. 

Whence  also,  if  the  parameters  k,  k',  k"  of  the  conies 

k  {X^  +  7/2  4.  .2  )  ^  ^  ,^2  ^  ^,^2  +  C22  =  0 

k'  (a?2  +  y^  +  z^)  +  ax^ -]-I)if  +  cz^.=0 

k!>  {x'^  +  7/ V  ^^)  +  «^^  +  bf  +  cz^-  =  0 

satisfy  the  equation 

Uk  +  Uk'  +  Uk"  =  0, 

there  are  an  infinity  of  triangles  inscribed  in  the  conic 
x'^  +  y^  +  z'^  =  0,  and  the  sides  of  which  touch  the  last-mentioned 
three  conies  respectively. 

Suppose  2IIk  =  lLlK  (an  equation  the  algebraic  form  of  which 
has  already  been  discussed),  then 

Ue'-Ud  =  U{K), 

^  =  X  gives  6'=-K',  or,  observing  that  ^  =  co  corresponds  to  a  point 
of  intersection  of  the  conies  x'^  +  y'^ +  z'^^=-Q,  ax^ -[-by'^  +  cz'^=^Oy 
K  is  the  parameter  of  the  point  in  which  a  tangent  to  the  conic 
k  [pc^ -\- y"^ -\- z'^) -\- ux^ -\- by'^ -\r  cz"^  ^=^  ^  at  any  one  of  its  intersec- 
tions with  the  conic  A-  +  y^  +  .c^^  =  0  meets  the  last-mentioned 
conic.  Moreover,  the  algebraical  relation  between  Q,  6'  and  k 
(where,  as  before  remarked,  /c  is  a  given  function  of  k)  is  given 
by  a  preceding  formula,  and  is  simpler  than  that  between  6,  ^'and^. 

The  preceding  investigations  were,  it  is  hardly  necessary  to 
remark,  suggested  by  a  well-known  memoir  of  the  late  illustrious 
Jacobi,  and  contain,  I  think,  the  extension  which  he  remarks  it 
would  be  interesting  to  make  of  the  pi'iuciplcs  in  such  memoir 
to  a  system  of  two  conies.  I  propose 'reverting  to  the  subject  in 
a  memoir  to  be  entitled  "  Researches  on  the  Porism  of  the  in- 
and  circumscribed  triangle.^^ 

2  Stone  Buildings,  Feb.  IG,  1853. 
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XLIIL  Analysis  of  a  Siliceous  Deposit  fi-om   the  hot  Volcanic 
Springs  of  Taupo,  New  Zealand.     Bij  J.  W.  ^Mallkt,  Ph.D.* 

THIS  substance  occurs  as  a  porous  but  tolerably  compact 
concretion,  opake,  and  of  a  white  colour  slightly  tinged 
with  yellow,  very  tough  and  difficult  to  break,  and  intermediate 
in  hardness  between  felspar  and  quartz. 

Its  specific  gra\'ity,  taken  in  small  fragments,  is  2'031. 

Digested  in  a  cold  solution  of  caustic  potash  it  dissolves  almost 
completely,  though  with  great  slowness. 

It  was  analysed  by  fusion  with  carbonate  of  soda  in  the  usual 
way,  the  portion  employed  being  first  dried  at  212°  in  order  to 
separate  merely  hygroscopic  moisture. 

By  digesting  the  finely  pulverized  mineral  in  boiling  water,  I 
found  on  testing  the  water  with  nitrate  of  silver  that  some  soluble 
compound  of  chlorine  was  present ;  and  by  employing  a  larger 
quantity  of  the  sihceous  sinter,  having  separated  the  chloride  of 
silver  and  removed  the  excess  of  silver  by  muriatic  acid,  on  eva- 
poration to  drjTiess  the  substance  in  combinatiim  with  the  chlo- 
rine was  found  to  be  sodium.  Nothing  but  chloride  of  sodium 
had  been  dissolved  out  by  the  water ;  and  by  testing  the  solution 
of  the  portion  thus  washed  obtained  after  fusion  with  an  alkali, 
it  appeared  that  all  the  chlorine  existed  as  such,  and  had  all 
been  dissolved  by  the  water. 

The  results  of  the  analysis  were  the  following  • — 

Silica 94-20 

Alumina 1"58 

Peroxide  of  iron      .     .  '17 

Lime trace 

Chloride  of  sodium       .  "85 

Water 306 

99-86 

If  we  deduct  1'53  per  cent,  of  the  silica  as  having  been  com- 
bined with  alumina  and  oxide  of  iron,  the  relative  proportions  of 
silica  and  water  in  the  mineral  will  be — 

Atom. 
Silica      .     .     92-67  1-993 

Water     .     .       306  340 

numbers  which  closely  approximate  to  the  formula  6810^^,  HO. 
This  differs  greatly  from  the  composition  of  siliceous  deposits 
from  the  Geysers  of  Iceland,  as  given  by  Damour  and  Forch- 
hammer,  the  pcr-centage  of  water  being  about  one-half  of  that 
indicated  by  their  analyses. 

*  Communicated  bv  the  Author. 
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The  present  analysis  also  differs  wadely  from  one  by  Mr.  R. 
Pattison*  of  an  incrustation  from  the  volcanic  springs  of  New 
Zealand  (but  of  which  the  particular  locality  is  not  given),  as 
his  specimen  yielded — 

Silica 77-35 

Alumina 9 '70 

Peroxide  of  iron      .     .  3*72 

Lime 1'74 

Water 7*66 

10017 

The  occuiTence  of  chlorine  in  deposits  of  this  character  has 
not,  as  far  as  I  am  aware,  been  befoi*e  noticed,  though  potash 
and  soda  in  small  quantities  have  been  detected,  existing,  it 
seemed  probable,  in  combination  with  the  silica.  The  existence 
of  chloride  of  sodium,  therefore,  in  this  incrustation  appears  to 
be  a  point  of  some  interest,  though  its  bearing  upon  the  chemical 
geology  of  tliese  volcanic  springs  could  not  be  considered  without 
more  distinct  information  as  to  the  nature  of  the  springs  them- 
selves, and  the  circumstances  under  which  the  incrustation  was 
formed,  than  I  have  been  able  to  obtain. 

XLIV.   On  a  Geometrical  Problem  noticed  by  Mr.  Sylvester. 
By  Thomas  K.  Abbott,  Esq.f 

IN  answer  to  ]\Ir,  Sylvester^s  invitation,  I  beg  to  offer  a  direct 
demonstration  of  the  theorem,  that  if  from  the  middle  a  of 
a  circular  arc  be  chords  ad,  ae  be  drawn  whose  remote  segments 
md,  ne  are  equal,  the  whole  chords  are  so.  The  rectangle  en .  na 
=  cn.nb.  Add  an^=-no--\-oa^  [o  being  middle  of  be);  then 
ea  .  na  —  oc^-\-ao'^  =  ac^.  Similarly  for  the  other  chord,  .*.  ea  .  na 
•=da.ma.  Bisect  wrf  in  /  and  ?ie  in  y,  add  to  both  rectangles 
nip  =  ny^;  then  we  have  ap  =  ag^,  .".  af—ay,  .'.aJ-^fd^ag-\-gc. 
Q.  E.  D. 

Now  to  show  directly  that  if  the  bisectors  of  the  base  angles 
of  a  triangle  be  equal  the  sides  are  equal.  Let  the  reader  form 
the  figure  thus  :  bd  bisecting  <  abc,  a/"  bisecting  <  bac ;  let  them 
meet  in  o,  and  let  the  external  bisector  of  c  meet  the  former  in  e 
and  the  latter  in  y.  Then  we  have  the  harmonic  mean  between 
ao,  ay  =  that  between  bo,  be,  .'.  producing  be  to  e',  so  that 
ee'  =  bo  and  ay  to  y',  so  that  yy'  =  ao  ;  and  reciprocating  the  figure 
from  the  origin  o,  the  points  b,  a,  e',  y'  give  a  parallelogram  cir- 
cumscribing a  circle ;  and  if  through  p,  q  the  feet  of  perpendi- 

*  Phil.  Maj,'.  vol.  xxt.  p.  495. 
t  Communicated  by  the  Author. 
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cular8  from  o  on  the  sides  adjacent  to  an  acute  angle  we  draw 
parallels  to  the  sides  (remembering  that  ea  is  perpendicular  to 
ag,  and  eb  to  bg),  then  drawing  poJim,  qokn  perpendicular  to 
these,  and  meeting  the  other  two  sides  respectively  in  h  and  k, 
we  find  the  harmonic  mean  between  om,  op=-2oh;  between  on, 
oq^2ok  (•."  ee'  =  ob).  A\so in  trmngle  bo. oe=^ao.og  =  bo {o(/  —  bo). 
Hence  producing  on,  om  so  that  oq'=^oq,  and  op'  =  op,  also 
oh'  =  2oh;  o/c!  =  2ok.  The  points  mn,  p'q'  are  in  a  circle  in 
which  h'k'  is  polar  of  o  and  oh'  +  2up'  =  ok' +  2oq'.  Construct 
another  figure  where  j^';i:  is  parallel  to  oq'  and  h'w,  and  q'lj  to  op' 
and  k'x,  oc  meeting  hk  in  e ;  then  we  can  show  without  difficulty 
(by  considering  cd^—cq'^^  and  ck^  —  cq'"^,  &c.)  that 

{oh — ok)[xz -^-yiv -\-2oe)=-0,    r.  oh  =  ok,    .'.  om=son,   .'.  og-=oe, 

oa  =  ob,  &c. 

More  easily  as  follows  : — suppose  that  the  angle  b  is  not  less 
than  a,  and  describe  a  circle  through  adb  cutting  af  in  m ;  then 
the  angles  abm,  dab  are  acute,  and  am  is  not  greater  than  af. 
But  also  by  hypothesis  abm  is  not  less  than  cab,  and  both  are 
acute;  /.  am  is  not  less  than  bd  or  af;  .'.  d  is  equal  to  af,  and 
abc=bac.    Q.  E.  D. 

XLV.   On  the  Mutual  Attraction  or  Repulsion  between  two  Elec- 
trified Spherical  Conductors.     By  Prof.  W.  Thomson*. 

IN  a  communication  made  to  the  British  Association  at  Cam- 
bridge in  1815,  I  indicated  a  solution  adapted  for  numerical 
calculation,  of  the  problem  of  determining  the  mutual  attraction 
between  two  electrified  spherical  conductors.  A  paper  published 
in  November  of  the  same  year  in  the  first  Number  of  the  Cam- 
bridge and  Dublin  Mathematical  Journal,  contains  a  formula 
actually  expressing  the  complete  solution  for  the  case  of  an  insu- 
lated sphere  and  a  non-insulated  sphere  of  equal  radius,  and 
numerical  results  calculated  for  four  different  distances  for  the 
sake  of  comparison  with  experimental  results  which  had  been 
published  by  Mr.  Snow  Harris.  The  investigation  by  which  I 
had  arrived  at  this  solution,  which  was  equally  applicable  to  the 
general  })roblem  of  finding  the  attraction  between  any  two 
electrified  spherical  conductors,  has  not  hitherto  been  published ; 
but  it  was  eoiinnunicated  hi  July  18-19  to  M.  Liouville,  along  with 
another  very  difierent  method  by  which  I  had  just  succeeded  in 
arriving  at  the  same  result,  in  a  letter  the  substance  of  which 
constitutes  the  present  communication.  Formulae  marked  (8) 
....  (18)  in  that  letter  expressed  the  details  of  the  solution 

*  Communicate<l  by  the  Author,  h-iving  been  read  at  the  Meeting  of  the 
British  Association  iu  Bellast,  Sept.  1852. 
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according  to  the  two  methods.  They  are  reproduced  here  in 
terms  of  the  same  notation,  and  with  the  same  numbers  affixed. 
The  Hrst-mentioned  method  is  expressed  by  the  formulae  (16), 
(17),  (18),  and  the  other  by  (8)  .  .  .  .  (15).  The  formulae 
marked  with  letters  {a),  {b),  &c.  in  the  present  paper  express 
details  of  which  I  had  not  preserved  exact  memoranda. 

Let  A  and  B  designate  the  two  spherical  conductors  ;  let  a 
and  h  be  their  radii,  respectively ;  and  let  c  be  the  distance 
between  their  centres.  Let  them  be  charged  with  such  quanti- 
ties of  electricity,  that,  when  no  other  conductors  and  no  excited 
electrics  are  near  them,  the  values  of  the  potential*  within  them 
may  be  u  and  v  respectively. 

The  distribution  of  electricity  on  each  surface  may  be  deter- 
mined with  great  facility  by  applying  the  '^principle  of  suc- 
cessive influences'^  suggested  by  Murphy  (iNlurphy's  Electri- 
city, Cambridge,  1833,  p.  93),  and  determining  the  effect  of 
each  influence  by  the  method  of  "  electrical  images,"  given  in  a 
paper  entitled  "  Geometrical  Investigations  regarding  Spherical 
Conductorsf."  The  following  statement  shows  as  much  as  is 
required  of  the  results  of  this  investigation  for  our  present 
purpose. 

Let  us  imagine  an  electrical  point  containing  a  quantity  of 
electricity  equal  to  ua  to  be  placed  at  the  centre  of  A,  and  an- 
other vb  at  the  centre  of  B.     The  image  of  the  former  in  B  will  be 

b  ......  .  b"^ 

.  wa,  at  a  point  in  the  line  joining  the  centres,  and  distant  by  — 

from  the  centre  of  B.     The  image  of  this  in  A  will  be j^-ua, 

c 

c 

in  the  same  line,  at  a  distance ^  from  the  centre  of  A ;  the 

image  of  this  point  in  B  will  be  g-   ua,  at  a  distance 


fl" 


*2 


6^ 

c 

c 


from  the  centre  of  B ;  and  so  on  :  and  in  a  similar 


62 


c 
manner  we  may  derive  a  scries  of  imaginary  points  from  vb  at 

*  The  potential  at  any  point  in  the  neighbourhood  of,  or  within,  an  elec- 
trified body.,  is  the  quantity  of  work  that  woidd  be  required  to  bring  a  unit 
of  positive  eleetricity  from  an  infinite  distance  to  that  ])oint,  if  the  given 
chstribution  of  electricity  were  maintained  unaltered.  Since  the  electrical 
force  vanishes  at  every  point  within  a  conductor,  the  potential  is  constant 
throughout  its  interior. 

t  Cambridge  and  Dublin  Mathematical  Journal,  Feb.  1850,  vol.  v,  p.  9. 
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the  centre  of  B.  To  specify  completely  these  two  series  of  ima- 
ginary points,  let  p^,  p\,  p^,  js'g,  J93,  jo'3,  &c.  denote  the  masses  of 
the  series  of  which  the  first  is  at  the  centre  of  A ;  and  let  /j,  /'j, 
Z^,  /'g,  &c.  denote  the  distances  of  these  points  from  the  centres 
of  A  and  B  alternately  ;  and,  again,  let  q^,  g\,  q^^,  q'^  .  .  .  denote 
the  masses,  and^j,  (/\,  g^,  (j\  .  .  .  the  distances  of  the  successive 
points  of  the  other  series  from  the  centres  of  B  and  A  alter- 
nately. These  quantities  are  determined  by  using  the  following 
equations,  and  giving  n  successively  the  values  1,  2,  3, ... ; 


7i  =  0^  jOi=Ma 

/"  C-j^^    Pn  Pn   Ij 

J  n 


^1  =  0,  qy  =  vb 

I  — __?!_      '  —  _     ^ 

>  -,  ^       Un  " 

_       *^  __    /^"  +  1 

9n  +  \—  ^_  ;/  J  </n+  1—       (In    ^ 


C-9  n 


The  two  series  of  imaginary  electrical  points  thus  specified, 
would,  if  they  existed,  produce  the  same  action  in  all  space 
external  to  the  spherical  surfaces  as  the  actual  distributions  of 
electricity  do,  those  {p^,  q'i,pq,  q\,  &c.)  which  lie  within  the 
surface  A  producing  the  effect  of  the  distribution  on  A,  and 
the  others  {q^,  p\,  qc^,  p'c^,  &c.),  all  within  the  surface  B,  the 
effect  of  the  actual  distribution  on  B.  Hence  the  resultant 
force  between  the  two  partial  groups  is  the  same  as  the  resultant 
force  due  to  the  mutual  action  between  the  actual  distributions 
of  electricity  on  the  two  conductors;  and  if  this  force,  considered 
as  positive  or  negative  according  as  repulsion  or  attraction  pre- 
ponderates, be  denoted  by  F,  we  have 

F=S'""2'""-[_Ml_  J^/*?/  ,        PsPt 

(.c-9s-9^   -^ 

where  2S  denotes  a  double  summation,  with  reference  to  dl 
integral  values  of  s  and  /.  The  following  process  reduces  this 
double  series  to  the  form  of  a  single  infinite  series,  of  which  the 
successive  terms  may  be  successively  calculated  numerically  in 
any  particular  case  with  great  ease. 

First,  taking  from  (8)  expressions  for  p^  and  /,  in  terms  of  infe- 
rior order,  and  for  qt  and  gt  in  terms  of  higher  order,  and  con- 
tinuing the  reduction  successively,  we  have 


(8). 
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,  a  ,a 


Ps9t 


<^-f-9t 


C-  f      -    '^'o'  «'        n' 


b  h 

Ps-i: — T—'9t+i — 


■-fs-i      \      9t^J 


and  therefore 

^—f—9t     c—fs-\—9t+i     c-fs-^—gt+2"      c-f^-f/t+,-i 
and 

—  —  — "?  t+i 


P}9t+s-\      —_ijn' 

-—     "a  t+s-l 


Similarly,  we  find 


c-fJ-9'> 


PsP 


C-fs-f't        (^-fs+l-ft+l' 


J)s^ip't+i       _  _  Pip't+s-\ 


c-fi 


—  — ^pt+t) 


and 


7)  O  D  Q 

Now  •^—  =  ^-^,  and  —  and  ^^  are  each  independent  of  u  and 
u  V  u  V 

V ;  hence  the  following  notation  may  be  adopted  conveniently : 

u  I  V 


P  n~  e     )       ^  n~         Q 


7t 
Pn  =  TT 


(13). 


Then^  taking  n  to  denote  ^  +  5  in  the  preceding  equations,  we  have 

Pn-t  qt p\-t-\  (jt      _  uv    ^ 

c—fn-t—gt      c—fn-t-i—g't      S„_i' 


Pn-tPt        __     U' 


qn-tq  t 


C—fn~t—f't  Pn    '     C—ffn-t—g't 

Hence  we  have 


_ 


(14). 


Pn-t+\qt  _   (  UV     y  1         _    UV       p  ^ 


from  which  we  conclude  that 


<n=a,    UV  _-,<=» 


■-.     -/  =  .    {c-f-9^)^   -     »  =  1    §2^^,=,  (in-^+lW,), 
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and,  by  using  this  and  transformations  similarly  obtained  for 
the  other  parts  of  the  expression  for  F,  we  obtain 

-P^[2::r'(i'.-'S,)]-J[s;:r'(Q«-'S<)]}  (i^)- 

The  quantities  P^^,  Q^,  S^  which  occur  in  this  expression,  may 
be  determined  successively  for  successive  values  of  n  in  the  fol- 
lowing manner : — By  substituting,  in  (8),  for  j^^,  p'^,  q^  q'^  their 
values  by  (13),  and  eliminating  /^,  f^^,  ^„,  y„,  we  find 

cS„_i  =  ^»P„_i  +  aP„=aQ„_i  +  Z»Q„        J 
from  which  we  derive 


(«); 


C2- 

-a^- 

-42 

ab 

c"- 

-fl2- 

-^\ 

ah 

c"- 

-a^- 

-b' 

ab 


P,.-Pn-1 


Q„-Q.-. 


b    ^On- 


(6). 


By  giving  n  the  values  1  and  2  in  (13)  and  (8),  we  find 


C^-fl2^  1 

ab         ^'^  b' 


c'-a^-b^r^       1 


a6 


^1=  -ab' 


^2  — 


ab 


s. 


(c). 


By  these  equations  we  have  directly  the  values  of  the  first  two 
terms  of  each  of  the  sets  of  quantities  V^,  P^,  P3,  &c.,  Qj,  Q2,  Q3, 
&c.,  and  Si,  S^,  S3,  &c.;  and  the  others  may  be  calculated  suc- 
cessively by  the  preceding  equations. 

The  polynomials  which  constitute  the  numerators  of  the  suc- 
cessive terms  of  the  second  member  of  (15)  may  also  be  calcu- 
lated successively,  by  means  of  equations  obtained  in  the  foUow- 
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ing  manner.    We  have  by  (c),  {b),  and  {a), 

P,Q.  +  PoQ„-i  +  PaQ-2  +  &c.  =  I  Q„  +  (^'"''f~^'?,+l)Qn-^ 


c  ^  c^ — a^  —  b'^, 


and  similarly  we  find 

SjS^-i  +  S2S„_2  +  SgO^.a  +  fec. 

2          2        1,2 
=  -r  S„_  1  -I T (SiS„_2  +  SgSn-a  +  &C.)  —  (SiS„_3  +  SgSn.i  +  &c.) ; 


'■-a^-b^ 
ab 


(SiP„_2  +  S.2P„-3  +  &C.)  -  (SiP„_3  +  S2Pn-4  +  &C.); 


-Yb^-^ 

and 

SiQ„-i  +  S2Q„-o  +  S3Q„_3  +  &c. 

=  ^Q„-,  +  ^^^=^^(S,Q„_2  +  S2Q„_3  +  &c.)-(SiQ„_3+S2Q„-4  +  &c.). 

Hence;  if  we  put 

2;::(p„_.Q,)+2;:r\s„_,s,)=2s;-| 

and        2;:;'-'(a.-.s,)=Q„  J 

in  terms  of  which  notation  the  expression  (15)  for  F  becomes 


F  =  2Mz;(gf +  g|+g^  +&C.J 


(/), 


we  have 


c^—a'^—b'^ 


n        \    n-X        ^^      n) 


P'     =^:^ "      "  p/  -/"p'      _- ^p^ 


(y). 
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Also  we  have  directly  from  (e)  and  [c), 


p/  —n  p/  __£_ 


(70. 


These  equations  enable  us  to  calculate  successively  the  values 
of  S'„  S'^,  S'3,  &c,  P'l,  P'2,  P'g,  &c.,  and  Q'„  Q'^,  Q'3.  &c., 
after  the  values  of  Sj,  S.2,  &c.,  Pp  Pg,  &c.,  and  Q,,  Q^,  &c.  have 
been  found. 

The  solution  of  {b)  as  eqviations  of  finite  differences  with 
reference  to  n,  and  the  determination  of  the  arbitrary  constants 
of  integration  by  [c],  leads  to  general  expressions  for  S^,  P^^ 
and  Q^;  and  by  using  these  in  {g),  integrating  the  equations 
so  obtained,  and  determining  the  arbitrary  constants  by  means 
of  [h),  general  expressions  for  S'„,  P'„,  and  Q'„  are  obtained. 
The  expression  for  F  may  therefore  be  put  into  the  form  of  an 
infinite  series,  with  a  finite  expression  for  the  general  term. 
Further,  the  value  of  this  series  may  be  expressed,  by  means  of 
analysis  similar  to  that  which  Poisson  has  used  for  similar  pur- 
poses, in  terms  of  a  definite  integral.  I  do  not,  however,  in 
the  present  communication  give  any  of  this  analysis,  except  for  the 
case  of  two  spheres  in  contact  which  is  discussed  below,  because, 
except  for  cases  in  which  the  spheres  are  very  near  one  another, 
the  series  for  F  is  rapidly  convergent,  and  the  terms  of  it  may 
be  successively  calculated  with  great  ease,  by  regular  arithmetical 
processes,  for  any  set  of  values  of  c,  a,  and  b,  by  using  first  the 
equations  (c),  to  calculate  S,,  85,  Pj,  P^,  Qi,  Q2;  then  {b) 
with  the  values  2,  3,  &c.  successively  substituted  for  n,  to  calcu- 
late S3,  S4,  &c.,  and  Pg,  P4,  &c.,  and  Q3,  Q4,  &c. ;  then  {h)  and 
{g)  to  calculate  by  a  similar  succession  of  processes,  the  values 
,of  S'„  S'2,  S'3,  &c.,  P'l,  P'2,  P'3,  &c.,  and  Q'„  Q'^,  Q'g,  &c. 

The  following  is  the  method,  alluded  to  above,  by  which  I 
first  arrived  at  the  solution  of  this  problem  in  the  year  18-t5. 

The  "mccha'.:ical  value"  of  a  distribution  of  electricity  on  a 
group  of  insulated  conductors,  may  be  easily  shown  to  be  equal  to 
half  the  sum  of  the  products  obtained  by  multiplying  the  quan- 
tity of  electricity  on  each  conductor  into  the  potential  within  it*. 

*  This  proposition  occurred  to  me  in  thinking  over  the  demonstration 
which  Gauss  gave  of  the  theorem  that  a  giren  quantity  of  matter  may  be 
distributed  in  one  and  only  one  way  over  a  given  surface  so  as  to  produce  a 
given  potential  at  every  point  of  the  surface,  and  considering  the  mechanical 
signification  of  the  function  on  the  renilering  of  which  a  minimum  that  de- 
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Hence,  if  D  and  E  denote  the  quantities  of  electricity  on  the  two 
spheres  in  the  present  case,  and  if  W  denote  the  mechanical 
value  of  the  distribution  of  electricity  on  them,  we  have 

W=^(Dm  +  Ez;). 

Now  if  the  two  spheres,  kept  insulated,  be  pushed  towards  one 
another,  so  as  to  diminish  the  distance  between  their  centres 
from  c  to  c  —  dc,  the  quantity  of  work  that  will  have  to  be  spent 
will  be  F  .  </c,  since  F  denotes  the  repulsive  force  against  which 
this  relative  motion  is  affected.  But  the  mechanical  value  of 
the  distribution  in  the  altered  circumstances  must  be  increased 
by  an  amount  equal  to  the  work  spent  in  producing  no  other 
effect  but  this  alteration.     Hence  F  .  c?c=  —  </W,  and  therefore 

\d{^u+^  .     . 

^-~3 do ^^^^' 

where  u  and  v  are  to  be  considered  as  varying  with  c,  and  D  and 
E  as  constants.  Now,  according  to  the  notation  expressed  in 
(13),  we  have 


(17). 


Determining  -7-  and  ^  by  the  differentiation  of  these  equations, 
and  using  the  results  in  (16),  we  find 

This  expression  agrees  perfectly  with  (/),  given  above;  since, 
by  differentiating  the  equations  {b)  and  (c)  with  reference  to 
c,  we  find  that  the  quantities  denoted  above  by  S'j,  S'2,  S'3,  &c., 
P'j,  P'g,  P'3,  &c.,  Q'l,  Q'2,  Q'3,  &c.,  and  expressed  by  the  equa- 
tions {g)  and  (A),  are  equal  respectively  to 

\d^      \d^      \d%  1^^      1^^      1^ 

2  dc'    2  dc'    2  dc  '       '      2   dc'    2   dc'    2   dc'       ' 

IdQ,      1  d%      IdQ 

2  dc'    2   dc  '    2   dc  ' 

monstration  is  founded.  It  was  first  published,  I  believe,  by  Helmholtz 
in  1847,  in  his  treatise  "Leber  die  Erhaltung  der  Kraft,"  by  the  trans- 
lation of  which  in  the  last  number  of  the  New  Scientific  Memoirs  a  great 
benefit  has  been  couferred  on  the  British  scientific  public. 


between  two  Electrified  Spherical  Conductors. 


295 


The  series  (/)  or  (18)  for  F  becomes  divergent  for  the  case 
of  two  spheres  in  contact,  but  the  doubly  infinite  series  from 
which  this  was  derived  in  the  first  of  the  two  investigations 
given  above,  is  convergent  when  the  terms  are  properly  grouped 
together ;  and  its  sum  may  be  expressed  by  means  of  a  definite 
integral  in  the  following  manner. 

Since  the  two  spheres  are  in  contact,  the  potentials  \Aathin 
them  must  be  equal,  that  is,  we  must  have  u  =  v.  For  the  sake 
of  simplicity,  let  us  suppose  the  radii  of  the  two  spheres  to  be 
equal,  and  let  each  be  taken  as  unity.  Then  we  shall  have 
a=:b  =  l,  and  c  =  2;  and  the  terms  of  doubly  infinite  series  (9) 
in  this  case  are  easily  expressed*,  in  very  simple  forms,  by  equa- 
tions (8).     Thus  we  find 


r=t;2x 


22 


32 

2.1 
32 


2      1.3 

+ 


1.4      1.5 


+ 


+ 


42 
2.2 


52 
2.3* 


+ 


42 
3.1 


52 
3.2 


42 


52 
4.1 


+ 


+ 


+ 


+ 


62 
2.4 

62 
3.3 

62 
4.2 

62 
5.1 

62 


&c. 


•&c. 


-&c. 


-&c. 


--&C. 


(k) 


If  we  add  the  terms  in  the  vertical  columns,  we  find 
2.3     2.3 


F  =  .2x^(- 


4     3.4.5 

+  —70 


■&C, 


). 


22  32 

which  is  a  diverging  series,  and  is  the  same  as  we  should  have 


*  From  equations  (8)  we  find,  in  this  case, 

-  _  ,  _2n-l         .  _     _2n-2 

f,_g„ __;       /„_<7„_^-_^ 


Hence 


;,„=:9„=__;      ;,„=9„=__- 


2n-l 
Ps9t       _i2s~\)(2t-\) 

P',  I't       _        2s. 2t 

PsP't       -       9*'/<       _         2ti2s-\) 


i^-f-AT'      ^^-9-9't)  {2{s  +  t)-\Y' 

and  then,  by  (9),  we  obtain  the  expression  for  F  in  this  particular  case, 
given  in  the  text. 
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found  by  using  the  form  (/)  or  (18).  But  if  we  add  the  terms 
in  the  horizontal  lines,  we  find  the  following  convergent  series 
for  F  :— 

I   ^M\-ede        .log^.^v^     ^."^o^l-e^dd      \ 
^=^\Jo^TVer-^o  -(rT^+2/o  irT^-^^-j 

Hence,  since  (l  +  ^)-2  =  l-2^  +  3^2_&c.,  we  have 

^='fo-irTW- ^'^'' 

or,  by  actual  integration, 
,      1 

=^-2 .  ^  X  (log2- 1)  ='^'  -^  X  (•69315--25) 

=  r2x -073858. 
The  quantity  of  electricity  on  each  sphere  beiug  equal  to  the 
sum  of  the  masses  of  the  imaginary  series  of  points  within  it,  is, 
according  to  the  formulae  for  p^,  q\,  p^,  q'c^,  &c. 

t^^(l-|  +  |-^  +  &c.),orvlog2. 

Hence  we  have  the  following  expression  for  the  repulsion  between 
the  two  spheres,  in  terms  of  Q  the  quantity  of  electricity  on  each, 

'^-'^-        (los2f       • 

If  x  denote  the  distance  at  which  two  electrical  points,  con- 
taining quantities  equal  to  the  quantities  on  the  two  spheres, 
must  be  placed  so  as  to  repel  one  another  with  a  force  equal  to 
the  actual  force  of  repulsion  between  the  spheres,  we  have 

Mog2)_2_-p 

Using  the  value  for  F  found  above,  we  obtain 

log  2  -0.550 

^-v/{ix(log2-i)}— •^^"- 

If  the  electrical  distributions  on  each  surface  were  uniform,  this 
distance  would  be  equal  to  2,  the  distance  between  the  centres 
of  the  spheres ;  but  it  exceeds  this  amount,  to  the  extent  shown 
by  the  preceding  result,  because  in  reality  the  electrical  density 
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on  each  conductor  increases  gradually  from  the  point  of  contact 
to  the  remotest  points  of  the  two  surfaces. 

P.S.  The  calculation  by  the  method  sho^^'n  in  the  preceding 
paper,  of  the  various  quantities  required  for  determining  the 
force  between  two  spheres  of  equal  radii  (each  unity),  insulated 
with  theii-  centres  at  distances  2'],  2*2,  2'3,  &c.  up  to  4,  has 
been  undertaken,  and  is  now  nearly  complete.  I  hope  to  be 
able  to  communicate  the  results  for  publication  in  the  next  or  in 
an  early  number  of  the  Magazine. 
Glasgow  College,  March  21,  1853. 


XL VI.  On  a  proposed  Test  of  the  Necessity  of  Indirect  Proof  in 
Geometrical  Demonstrations,  with  Remarks  on  Methods  of 
Demonstration.     By  James  Adamson,  D.D. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 

AS  you  have  in  some  late  numbers  of  the  Philosophical  Maga- 
zine admitted  the  discussion  of  matters  which  are  elemen- 
tary in  regard  to  geometry,  but  are  of  some  interest  in  regard  to 
the  nature  of  geometrical  argument,  and  as  I  have  been  called 
upon  by  peculiar  circumstances  to  analyse  that  subject  as  a  mode 
of  intellectual  education,  I  trust  that  you  will  permit  me  to  oifer 
to  your  notice  a  few  of  the  conclusions  to  which  I  have  been  led. 

Sir  ^ViJliam  Hamilton,  Professor  of  Logic  in  the  University  of 
Edinburgh,  has  expressed  himself  as  estimating  mathematical 
science  at  no  high  value  for  such  an  end.  It  may  perhaps  be 
shown  that  less  benefit  than  is  attainable  has  been  derived  from 
it,  not  so  much  on  account  of  the  nature  of  the  subject  itself,  as 
from  the  mode  in  which  it  has  been  treated. 

In  the  Number  of  the  Philosophical  ^lagazine  for  December 
1852,  Mr.  Sylvester  has  noticed  a  theorem  regarding  isosceles 
triangles,  the  discussion  of  which  appears  to  have  been  attended 
with  circumstances  somewhat  singular;  and  from  his  examina- 
tion of  it  he  has  deduced  a  principle  offered  as  a  test  for  distin- 
guishing those  cases  of  geometrical  argument  in  which  the  pro- 
cess is  necessarily  indirect.  The  circumstances  remarked  as  sin- 
gular are,  that  mathematicians  of  eminence  had  found  the  demon- 
stration to  be  difficult,  and  that  they  had  been  able  to  establish 
its  truth  only  by  modes  which  are  indirect.  It  was  therefore 
taken  by  ^Ir.  Sylvester  as  fitted  to  illustrate  a  suggestion  by  him, 
that  the  nature  of  the  equations  connected  with  such  geometrical 
truths  may  determine  the  question  whether  the  demonstrations 
admit,  or  do  not  admit,  of  direct  modes  of  argument. 

In  regard  to  these  positions,  I  would  beg  leave  to  observe, 
that,  to  a  mind  trained  to  correct  modes  of  geometrical  reasonins:, 

Phil.  Mag.  S.  4.  Vol.  5.  No.  32.  April  1853.  X 


298  i)r.  Adamson  on  Geometrical  Demonstrations. 

there  could  scarcely,  I  apprelieud,  have  been  found  any  difficulty 
in  the  demonstration,  and  that  there  is  no  necessity  for  any  indi- 
rectness of  procedure  in  it,  according  to  the  common  apprehen- 
sion of  the  term  indirect. 

Mr.  Sylvester  makes  an  inquiry  also  regarding  a  theorem, 
which  \Yc  may,  if  we  choose,  treat  as  subordinate  to  that  above 
alluded  to.  The  data  are,  that  straight  lines  are  drawn  from  the 
middle  of  an  arc,  so  that  the  portions  of  these  lines  intercepted 
between  the  chord  and  the  opposite  part  of  the  circumference 
shall  be  equal.  The  conclusion  sought  to  be  proved  is,  that  the 
portions  of  the  lines  between  the  chord  and  the  arc  are  equal ; 
or,  which  is  the  same  thing,  that  the  sums  of  both  portions  are 
equal.  Now  here  are  three  positions,  such  that  any  one  being 
assumed  as  a  portion  of  the  hypothesis,  the  other  two  become 
easy  conclusions ;  any  case  being  converse  to  any  other.  Now 
it  may  be  stated  as  a  general  rule,  that  a  converse  is  most  easily 
and  elegantly  established  by  an  indirect  demonstration.  The 
correct  mode  in  such  cases  therefore  is,  to  proceed  directly  with 
that  demonstration  which  is  the  most  easy,  and  to  take  the  others 
indirectly  as  its  converses.  These  easier  cases  are  determined  by 
this  principle,  viz.  that  the  constituents,  whether  lines  or  angles, 
whose  relations  are  assumed  as  data,  are,  as  to  their  position, 
origin,  or  termination,  connected  with  points,  the  relations  of 
which  to  others  are  settled  by  theorems  already  known.  When 
the  data  are  in  regard  to  origin,  position,  or  termination,  other- 
wise dispersed,  the  demonstration  ought  to  follow  as  a  converse 
and  be  indirect.  But  it  is  not  necessarily  indirect,  or  is  so  in 
few  cases. 

The  question  put  by  Mr.  Sylvester  is,  whether  in  the  case 
above  mentioned  this  making  of  it  to  be  a  converse,  or  treating 
it  indirectly,  can  be  avoided.  This  is  easily  settled.  The  position 
assumed  as  hypothesis  being,  that  the  more  distant  portions  of 
the  straight  lines  drawn  from  the  middle  of  the  arc  are  equal,  it 
will  be  seen  at  a  glance  that  the  chord  of  either  half  of  the  arc 
is  a  mean  proportional  between  the  whole  straight  lines  and  their 
nearer  portions.  This  necessarily  and  directly  affords  the  con- 
clusions, that  these  wholes  and  portions  are  equal  each  to  each. 

From  this  we  can  show  directly,  that  if  two  triangles  have 
equal  bases,  equal  vertical  angles,  and  equal  angle-bisectors  at 
that  vertex,  then  the  portions  of  their  bases  intercepted  by  the 
angle-bisectors  are  equal  each  to  each.  From  this  will  follow 
directly  the  conclusion,  that  if  two  angle-bisectors  of  a  triangle 
be  equal,  the  triangle  is  isosceles,  which  is  the  theorem  proposed. 

If  these  conclusions  be  correct,  it  will  follow  that  the  test  of 
necessaiy  indirectness  in  demonstration  proposed  by  Mr.  Syl- 
vester is  not  applicable,  as  being  founded  on  a  case  where  that 
property  of  geometrical  argument  does  not  necessarily  exist. 
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If  elementary  books  of  geometry  were,  like  those  of  more 
modern  sciences,  accommodated  to  tlie  character  of  the  age,  it 
could  not,  I  presume,  have  happened  that  any  one  should  have 
felt  puzzled  by  such  theorems  as  the  above.  The  general  rela- 
tions of  the  subjects  considered  would  then  be  better  understood. 
The  theorem  now  discussed  is  only  a  modified  instance  of  one 
more  general,  viz.  that  in  any  triangle  the  smaller  angle  has  the 
larger  bisector.  Both  may  be  deductions  from  the  following 
position,  viz.  that  of  all  straight  lines  passing  through  the  same 
point  in  the  bisector  of  an  angle,  and  limited  by  its  constituents, 
that  which  has  the  smaller  inclination  to  the  bisector  is  the 
longer,  and  those  that  arc  equally  inclined  to  the  bisector  are 
equal,  and  conversely,  by  direct  demonstration,  those  which  are 
equal  are  equally  inclined. 

From  these  truths  we  may  derive  the  modified  case  relating 
to  the  isosceles  triangle,  either  directly  or  indirectly ;  the  indirect 
mode  being,  as  is  the  case  generally  when  it  is  properly  employed, 
the  easiest  and  the  most  elegant. 

[To  be  continued.] 


XLVII.  A  Proof  that  all  the  Invariants^  to  a  cubic  Ternary  Form 
are  Rational  Functions  of  kxov\io\A'^ Invariants  and  of  a  cognate 
theorem  for  biquadratic  Binary  Forms.  By  J.  J.  Sylvester, 
F.R.S."^ 

ALTHOUGH  contrary  to  the  order  of  exposition  indicated  in 
the  title  to  this  paper,  I  shall,  as  the  simpler  case,  begin 
with  establishing  the  theorem  for  a  biquadratic  form,  say  F  in 
X,  y.     Let 

F = aa;'^  +  46^r/  +  6ca?  V  +  4,dxf  +  ey'^ 
s  —  ae  —  ^bd+Zc^ 
t  =  ace  —  ad^—(^  —  b'^e-\-2bcd, 

s  and  t  are  the  two  well-known  invariants  of  F.  I  propose  to 
prove  that  there  can  exist  no  other  invariants  to  F  except  such 
as  are  explicit  rational  functions  of  s  and  /. 

Let  F,  by  means  of  the  substitution  of  fx-^gy  for  a",  and 

*  Comniunioateil  by  tbe  Autbor. 

t  A  Constant  in  analysis  is  any  quantity  ^^bicb  in  its  own  nature,  or  by 
tbe  expbcit  couiUtions  to  wbicli  it  is  subjected,  is  incapable  of  cbange.  An 
Invariant  is  an  expression  apparently  liable  to  cbange,  but  which,  owing  to 
certain  compensations  in  the  modifying  tendencies  impressed  ujjon  it, 
remains  as  a  whole  unaltered.  The  former  may  be  compared  to  a  fixed 
point  or  system  in  mechanics  ;  the  latter  to  a  point  or  system  free  to  move, 
but  kept  at  rest  under  the  combined  operation  of  coutending  forces. 

X2 
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f.v+ff'l/  {or  i/,hc  made  to  take  the  form /,  =  .i^ +  //''  + 6?7?cr^y^. 
Then  by  the  eharacteristic  property  of  invariants,  if  I(f/,  b,  c,  d,e) 
be  any  invariant  to  F  of  the  degree  q,  we  must  have 

1(1,  0,  m,  0, 1)  =  {fcj-fgf'  \{a,  b,  c,  d,  e)  • 

and  it  will  be  sufficient  to  prove  that  1(1,  0,  m,  0, 1),  or  say  more 
simply  I (».'),  can  only  have  the  two  radically  distinct  forms  cor- 
responding to  s  and  t,  i.  e. 

[s)=-\—  Sni^  and  (/)  =  m  —  m^, 

any  other  admissible  form  of  I  being  a  rational  explicit  function 
of  these  two. 

It  may  be  shown*  that  the  parameter  7n  in /will  have  six  dif- 
ferent values  and  no  more.  In  the  first  place,  if  we  write  lt  for 
X  (i  meaning  \/  —1),  it  is  obvious  that  m  becomes  —  m.  Again, 
let  x  +  aj  and  x  —  iij  be  substituted  in  place  of  a'  and  y  respect- 
ively ;  then  calling  (/)  the  value  assumed  by  F,  when  this  substi- 
tution is  made, 

{f)  =  {^  +  cyY+{x-LyY  +  Q,m[x^-  +  y^f 
=  (2  +  Qm)  [x^  +  y^)-\.[-\2  +  i2m)xY 


=(o+6„o{.^+/H-c^.y} 


Hence  if  we  write 


I X  -\ r  V  for  X, 


(2  +  6w)'        (2  +  6'w 
and 


(2  + 6m)'        (2  +  6«)' 
and  call  what/j  becomes  after  these  substitutions /g, 

/2={^'*  +  yH67(m)aV}, 
7(m)  denoting  ^^;:|^- 

In  like  manner,  by  writing  in  /g 


1  t 


^  +  IT^ — i-    ,    ^^i  y  ^^^  ^ 


and 

we  obtain 


{2+67(w)}*         ((2+67(»0) 


T^-r^ .  n  ,  .,-1  y ^01" y> 


(2  +  67(7^)}'         {2  +  67(?«)}' 
f.,^x^^y^  +  Qr^\m)xY, 
*  See  addendum. 
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where  —  l4m 

2  ._~         l+3?n  _—2  —  2m_  -\-m  ^ 
'^  "  ~~         Q  — 1  +  '^^  ~  — 2  +  6m~— l  +  37?t' 
^  +  ^TT3^ 
7(m)  is  a  periodic  function  of  m  of  the  third  order^  for  we  find 
3,    N       2/      N        -(l  +  3/n)-(-l+»0 
"  ^    ^      f  ^'    '      _(l+3/n)  +  3(— 1+7?0 
It  will  of  course  be  observed,  also,  that 

fy-m=—'y{  —  7n)   and  ryj,^—  —y^[  —  m). 
Hence 

(-7)(-7)"'=-r^(-'«)  =  '"(-7-)(-7^)'«=-7^(-»0='«- 
So  that,  in  fact,  the  six  values  of  the  parameter  are 
m,         ym,         y-ni 
—  m,      —y>n,      —y-m, 
forming  two  cycles,  having  the  remarkable  property  that  the 
terms  in  the  same  cycle  are  periodic  functions  of  the  third  order 
of  one  another,  and  each  term  in  one  cycle  is  a  periodic  function 
of  the  second  order  of  every  term  in  the  other  cycle. 

The  modulus  of  substitution  for  passing  from  J\  tof^,  i.  e.  the 
square  of  the  determinant 
1  t 


{2  +  6mf     (2  + 6m)*' 
1  -c 


(-2t)^      .          -2 
t.  e. 


IS  (2  + 3m)'  1+3^' 

(2  + 6m)*'     (2  + 6m)*'     J 
So  that  if  I(m)  be  the  value  of  any  invariant  of  the  degree  q, 

corresponding  to  the  form/j,  and  consequently  l( -.      „     )  the 
same  for  f^,  we  must  have 


'('")=(^)'Kr;^)- 


In  like  manner,  by  means  of /y  it  may  be  shown  that  wc  must 
have  the  further  equation 


L 


/l-3m\'  _/m  +  l\ 


These  equations  are  easily  verified  for  the  values  of  {s)  and  (/). 
Thus 

-  _ (l-3»0-^  /  ?^  +  l  _  Z'  !!* ±  i_  V \ . 
~  8         LI -3m      V-   3m/  J  ' 
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and  it  is  moreover  obvious,  that  the  values  of  {$)  and  (/)  might 
have  been  found  a  priori  by  means  of  these  functional  equations. 
The  essential  point  of  mferenee  for  my  present  purpose  from 
the  equations  above  whieh  are  of  the  form 

Im=Hxl(^)  =  Kxl(f+i) 

\3m  +  l/  Vl— 3m/ 

is  this,  that  if  \[m)  contain  any  power  of  m,  say  m',  it  must 
also  contain  (/«  —  !)*  and  {m  + 1)';  in  a  word,  {m?—my,  which,  by 
the  way,  it  may  be  noticed  is  f.  Now,  if  possible,  let  there  be 
any  invariant  I  (/?/)  of  the  ^th  degree  in  (?n)  which  is  not  a 
rational  function  of  (s)  and  {t).  If  we  make  2x  +  Si/=:q,  as 
many  integer  solutions  as  exist  of  this  equation  (in  which  zero 
values  of  x  and  y  are  admissible),  so  many  functions  of  the  form 
(s)'"' .  (t)^  may  be  formed  of  the  degree  {q)  in  {m),  and  all  of 
them  of  course  invariantive  functions. 

As  regards  the  general  nature  of  any  invariantive  function  in 
(»?),  since  the  change  of  <r  into  —  ar  in  x'^  +  y'^  +  Grnx'^y^  introduces 
no  change  into  the  invariant  if  q  be  even,  but  changes  the  sign 
if  q  be  odd,  it  follows  that  !''(?/?)  is  of  the  form  ^[nif  when  q  is 
even,  and  of  the  form  m(^{ir?)  when  q  is  odd. 

Let  /i  be  the  number  of  solutions  of  the  equation  in  integers 
above  written.  Then,  by  linearly  combining  all  the  different 
values  of  {sY .  iff  with  lq{m),  it  is  obvious  that  we  may  form  a 
new  invariant,  say  I' ,  in  which  the  /x  first  occurring  powers  of 
m  will  be  wanting,  i.  e.  in  which  the  indices  0,  2,  4,  ...  (2/x— 2) 
will  be  wanting  when  q  is  even,  and  1,  3,  5,  ...  2/i  — 1  when  q  is 
odd.  Hence  in  the  former  case  the  new  invariant  will  contain 
m^,  and  in  the  latter  case  m^'^+';  and  therefore,  by  virtue  of 
what  has  been  shown  already,  I'  will  contain  [in^—myi^  in  the 
one  case  and  (w^— m)V+'  in  the  other. 

1.  Let  q  =  6i,  or  6? +  2,  or  6i  +  4;  thenyu,  =  ?  +  l ;  and  there- 
fore (ot^  —  ?«)^'"^^,  which  is  of  the  degree  62  +  6  in  {m),  is  contained 
as  a  factor  in  I  which  is  of  the  degree  (9)  only,  a  quantity  less 
than  6i  +  6,  which  is  absurd. 

Again,  2nd.  Let  q  =  6i+l,  then  /J^  =  i  ■.,  and  (m^  — ?«)2/*+i  is 
of  the  degree  6i  +  S  in  (m),  and  is  contained  as  a  factor  in  I, 
which  is  of  the  degree  6i+l,  which  is  again  absurd. 

So,  3rd.  1{  q  =  Qi  +  o,  [j,  =  i+l ;  and  the  factor  (m^— ?«)2/i+i 
is  of  the  degree  6i  +  9,  which  is  still  more  absurd. 

Finally,  if  ^  =  6i  +  3,  /x  =  i  +  l;  and  the  factor  becomes 
(m^— w)®'"*"^,  i.  e.  {irc^—mY,  and  consequently  the  entire  value  of 
I'  is  {t)'^ ;  but  I  differs  only  from  I'  by  linear  combinations  of 
powers  of  («)  and  (/).     Hence  I  on  this  supposition  cannot  be 
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anything  else  but  a  rational  function  of  (s)  and  (t),  and  thus  the 
theorem  is  completely  demonstrated. 

It  may  for  a  moment  be  objected,  that  we  have  been  dealing 
only  with  a  particular  form  x^+^tna-t/'^  +  y'^,  instead  of  the 
general  form  ax'^  +  46x^1/  +  Qcx'^tj'^  +  4c/x?/^  +  ey'^ ;  but  the  latter  is 
always  reducible  to  the  former  by  means  of  a  definite  linear  sub- 
stitution ;  and  if  we  call  the  modulus  of  the  substitution  \i.  e.  the 
square  of  the  determinant  formed  by  the  coefficients  of  substitu- 
tion] M,  to  every  general  invariant  I^  of  the  ^th  degree,  to  the 
latter  corresponds  a  partial  form  (I^ )  of  invariant  to  the  former, 
such  that 

and  consequently,  since  every  (I)  is  a  rational  function  of  {s) 
and  {t),  so  must  every  I  be  the  same  of  s  and  t;  unless,  indeed, 

it  were  possible  to  have  \,  —  —7.(1''),  q'  being  different  from  and 

1 
greater  than  q :  but  if  this  were  the  case,  since  I  = — -(I  )  a 

power  of  M,  the  modulus  would  necessarily  be  an  invariant ; 
but  in  passing  from  a,"*  +  ^'*  +  Gww^y^  to  x'^  +  y'^  +  6y{m)x^y^, 
1  +  3m  becomes  the  modulus,  which  we  know  is  not  an  invariant ; 
hence  the  proposition  is  completely  established  for  the  case  of 
the  biquadratic  function  {x,  y)"**. 

[To  be  continued.] 
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ROYAL  IXSTITUTION  OF  GREAT  BRITAIN. 

Feb,  11,  /^N  the  influence  of  Material  Aggregation  upon  the  raa- 
1853.  ^-^  nifestations  of  Force,  by  John  Tyndall,  Esq.,  Ph.D. 
There  are  no  two  word?  with  which  we  are  more  familiar  than 
matter  divA  force.  The  system  of  the  universe  embraces  two  things, — 
an  object  acted  upon,  and  an  agent  by  which  it  is  acted  upon  ; — the 
object  we  call  matter,  and  the  agent  we  call  force.  Matter,  in  cer- 
tain aspects,  may  be  regarded  as  the  vehicle  of  force ;  thus  the 
luminiferous  rcther  is  the  vehicle  or  medium  by  which  the  pulsations 
of  the  sun  are  transmitted  to  our  organs  of  vision.  Or  to  take  a 
plainer  case  ;  if  we  set  a  number  of  l)illiard  balls  in  a  row  and  impart 
a  shock  to  one  end  of  the  series,  in  the  direction  of  its  length,  we 

*  I  have  made  a  tacit  assumptiou  thronirhout  the  foregoing  demonstra- 
tion (which  is,  however,  capable  of  an  easy  proof),  viz.  that  if  any  fractional 
function  of  the  coetticients  of  any  form  be  invariantive,  the  numerator  and 
denominator  must  be  separately  mvariants. 


304  Royal  Institution. 

know  what  takes  place  ;  the  last  ball  will  fly  away,  the  intervening 
balls  having  served  for  the  transmission  of  the  shock  from  one  end 
of  the  series  to  the  other.  Or  we  might  refer  to  the  conduction  of 
heat.  If,  for  example,  it  be  required  to  transmit  heat  from  the  fire 
to  a  point  at  some  distance  from  the  fire,  this  may  be  effected  by 
means  of  a  conducting  body — by  the  poker  for  instance  :  thrusting 
one  end  of  the  poker  into  the  fire  it  becomes  heated,  the  heat  makes 
its  way  through  the  mass,  and  finally  manifests  itself  at  the  other 
end.  Let  us  endeavour  to  get  a  distinct  idea  of  what  we  here  call 
heat ;  let  us  first  picture  it  to  ourselves  as  an  agent  apart  from  the 
mass  of  the  conductor,  making  its  way  among  the  particles  of  the 
latter,  jumping  from  atom  to  atom,  and  thus  converting  them  into  a 
kind  of  step])ing-stones  to  assist  its  progress.  It  is  a  probable  con- 
clusion, even  had  we  not  a  single  experiment  to  support  it,  that  the 
mode  of  transmission  must,  in  some  measure,  depend  upon  the  man- 
ner in  which  those  little  molecular  stepping-stones  are  arranged. 
But  we  need  not  confine  ourselves  to  the  material  theory  of  heat. 
Assuming  the  hypothesis  which  is  now  gaining  ground,  that  heat, 
instead  of  being  an  agent  apart  from  ordinary  matter,  consists  in  a 
motion  of  the  material  particles  ;  the  conclusion  is  equally  probable 
that  the  transmission  of  the  motion  must  be  influenced  by  the  man- 
ner in  which  the  j^articles  are  arranged.  Does  experimental  science 
furnish  us  with  any  corroboration  of  this  inference  ?  It  does.  More 
than  twenty  years  ago  MM.  De  la  Rive  and  De  Candolle  proved  that 
heat  is  transmitted  through  wood  with  a  velocity  almost  twice  as 
great  along  the  fibre  as  across  it.  This  result  has  been  recently 
expanded,  and  it  has  been  proved  that  this  substance  possesses  three 
axes  of  calorific  conduction  ;  the  first  and  greatest  axis  being  parallel 
to  the  fibre  ;  the  second  axis  perpendicular  to  the  fibre  and  to  the 
ligneous  layers ;  while  the  third  axis,  which  marks  the  direction  in 
which  the  greatest  resistance  is  off"ered  to  the  passage  of  the  heat,  is 
perpendicular  to  the  fibre  and  parallel  to  the  layers. 

But  it  is  the  modification  of  the  magnetic  force  by  the  peculiari- 
ties cf  aggregation,  which  forms  the  subject  of  the  evening's 
lecture.  What  has  been  stated  regarding  heat  applies  with  equal 
force  to  magnetism.  The  observed  magnetic  phsenomena  are  of  a 
composite  character.  The  action  of  a  magnetic  mass  is  the  re- 
sultant action  of  its  molecules,  and  will  be  influenced  by  the  manner 
in  which  they  are  aggregated.  The  fundamental  phsenomena  of  mag- 
netism are  too  well  known  to  render  it  necessary  to  dwell  upon 
them  for  an  instant.  A  small  bar  of  iron  was  suspended  in  the 
magnetic  field  ;  it  set  its  length  parallel  to  the  line  joining  the  poles. 
Should  we  be  justified  from  this  experiment  in  concluding  that  a  mag- 
netic mass  wull  always  set  its  longest  dimension  axial  1  No.  A 
second  magnetic  bar,  equal  in  size  to  the  former,  was  suspended 
between  the  poles  ;  it  set  its  length  at  right  angles  to  the  line 
joining  the  poles.  Whence  this  deportment?  We  find  the  reason 
of  it  in  the  mechanical  structure  of  the  bar  :  it  is  composed  of  mag- 
netic plates,  transverse  to  its  length ;  these  plates  set  from  pole  to 
pole,  and  hence  the  length  of  the  bar  equatorial.     But  let  us  proceed 
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from  this  coarse  experiment  to  one  more  delicate,  where  nature 
herself  has  imposed  the  conditions  of  aggregation.  A  plate  taken 
from  a  mass  of  shale,  j)icked  up  a  few  weeks  ago  in  the  coal  district 
of  Blackburn,  was  suspended  between  the  poles ;  although  strongly 
magnetic,  it  set  its  longest  dimension  at  right  angles  to  the  line 
joining  the  poles.  This  deportment  was  at  once  explained  by  re- 
ference to  the  structure  of  the  mass  :  it  also,  though  apparently 
compact,  was  composed  of  layers  transverse  to  its  length ;  these 
layers  set  fi'om  pole  to  pole,  and  hence  the  length  equatorial.  Let 
us  ascend  to  a  case  still  more  refined.  A  crystal  of  sulphate  of 
nickel  was  suspended  between  the  poles,  and  on  exciting  the  magnet 
a  certain  determinate  position  was  taken  up  by  the  crystal.  The 
substance  was  magnetic,  still  its  shortest  dimension  set  from  pole  to 
pole.  The  crystal  was  removed  from  the  magnetic  field  and  the  edge 
of  a  penknife  placed  along  the  line  which  set  axial ;  a  slight  pressure 
split  the  crystal  and  disclosed  two  beautiful  surfaces  of  cleavage. 
The  crystal  could  in  this  way  be  cloven  into  an  indefinite  number  of 
magnetic  layers ;  these  layers  set  from  pole  to  pole,  and  hence  the 
longest  dimension,  which  was  perpendicular  to  the  layers,  equatorial. 
Comparing  all  these  experiments, — ascending  from  the  gross  case 
where  the  laminae  were  plates  of  iron  stuck  together  by  wax,  to 
that  in  which  they  were  crystalline,  the  inference  appears  unavoidable, 
that  the  unanimity  of  deportment  exhibited  is  the  product  of  a  com- 
mon cause  ;  and  that  the  results  are  due  to  the  peculiarities  of  material 
aggregation. 

The  beautiful  researches  of  Pliicker  in  this  domain  of  science  are 
well  known.  Plucker's  first  experiment  was  made  with  a  plate  of 
tourmaline.  Suspended  in  the  magnetic  field  with  the  axis  of  the 
crystal  vertical,  it  set  its  length  from  pole  to  pole,  like  an  ordi- 
nary magnetic  body.  Suspended  with  the  axis  horizontal,  on 
exciting  the  magnet,  Pliicker  found  to  his  astonishment  that  the 
largest  dimension  set  equatorial.  Let  us  see  whether  we  cannot 
obtain  this  deportment  otherwise.  Suspending  the  piece  of  shale 
already  made  use  of,  so  that  its  laminae  were  horizontal,  on  exciting 
the  magnet  the  longest  horizontal  dimension  of  the  plate  set  axial : 
moving  the  point  of  suspension  90°  so  that  the  laminae  were  vertical, 
on  exciting  the  magnet  the  length  of  the  plate  set  equatorial.  In 
the  magnetic  field  the  deportment  of  the  crystal  was  perfectly 
undistinguishable  from  that  of  the  shale.  But  it  may  be  retorted 
that  tourmaline  possesses  no  such  laminae  as  those  possessed  by  the 
shale  :  true — nor  is  it  necessary  that  it  should  do  so.  A  number 
of  plates,  bars,  and  discs,  formed  artificially  from  magnetic  dust, 
exhibited  a  deportment  precisely  similar  to  the  tourmaline, — sus- 
pended from  one  point  tliey  set  their  lengths  axial,  suspended  from 
another  point  the  lengths  set  equatorial.  Let  us  now  turn  to 
what  may  be  called  the  complementary  actions  exhibited  by  dia- 
magnetic  bodies.  A  homogeneous  diamagnctic  bar  sets  its  length 
equatorial.  But  bars  were  exhibited  composed  of  transverse  dia- 
magnctic laminte  which  set  their  lengths  axial.  This  experiment  is 
complementary  to  that  of  the  shale,  &c. ;  the  magnetic  laminae  set 
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axial,  the  diamagnetic  equatorial ;  and  by  attention  to  this  the 
magnetic  bodj"^  is  made  to  behave  like  a  homogeneous  diamagnetic 
body,  and  the  diamagnetic  body  like  a  homogeneous  magnetic 
body.  Diamagnetic  bars  and  discs  were  also  examined,  and  a 
deportment  precisely  complementary  to  that  of  the  magnetic  bars 
and  discs  was  exhibited.  A  magnetic  disc  set  its  thickness  from 
pole  to  pole  and  consequently  its  horizontal  diameter  equatorial ;  a 
diamagnetic  disc  set  its  thickness  equatorial  and  its  horizontal 
diameter  from  pole  to  pole.  Two  bodies  of  the  same  exterior  form 
and  of  the  same  colour,  were  suspended  simultaneously  in  the  fields 
of  two  electro-magnets,  and  both  the  latter  were  excited  hy  the 
same  current ;  the  eye  could  detect  no  difference  of  deportment. 
Both  bodies  possessed  the  shape  of  calcareous  spar,  and  both  set 
the  crystallographic  axis  equatorial.  One  body  however  was  com- 
posed of  wax,  while  the  other  was  a  true  crystal.  In  the  same 
way  a  crystal  of  carbonate  of  iron  exhibited  a  deportment  precisely 
the  same  as  that  of  a  model  formed  of  magnetic  dust.  The  explana- 
tion of  these  phsenomena  may  be  given  in  a  few  words.  In  the  con- 
struction of  the  models,  the  magnetic  or  diamagnetic  dust  was  formed 
into  a  kind  of  dough  and  pressed  between  two  glass  plates  ;  the 
same  process  was  applied  to  the  wax ;  and  it  is  a  universal  law, 
that  in  diamagnetic  bodies  the  line  along  which  the  density  of  the 
mass  has  been  increased  by  compression,  sets  equatorial,  and  in  mag- 
netic bodies  axial.  A  reference  to  this  principle  will  instantly  render 
plain  all  the  experiments  we  have  described.  In  those  cases  where 
the  same  artificial  bar  set  at  one  time  axial  and  at  another  time 
equatorial,  the  deportment  depended  on  the  circumstance  whether 
the  line  of  compression  was  vertical  or  horizontal.  When  vertical 
its  directive  power  was  annulled,  and  the  action  was  determined  by 
the  exterior  form  of  the  body ;  but  when  horizontal,  its  directive 
action  came  into  play  and  determined  the  position  of  the  mass. 
The  magnetic  bar,  for  example,  suspended  with  its  line  of  pressure 
vertical,  set  axial,  but  with  its  line  of  pressure  horizontal,  it  set 
equatorial ;  for  the  pressure  was  exerted  at  right  angles  to  its  length. 
This  action  is  so  general  that  it  is  difficult  to  find  a  body  so  perfectly 
homogeneous  as  not  to  exhibit  it  in  some  degree.  Ipecacuanha 
lozenges  and  Carlisle  biscuits  were  suspended  in  the  magnetic  field, 
and  exhibited  a  most  striking  directive  action.  The  materials  in 
both  cases  were  diamagnetic ;  but  owing  to  the  pressure  exerted  in 
their  formation  their  largest  horizontal  dimensions  set  from  pole 
to  pole,  the  line  of  compression  being  equatorial. 

Let  us  endeavour  to  arrive  at  the  precise  logical  import  of  these 
experiments.  Let  us  suppose  that  before  ever  a  crystal  had  been 
suspended  in  the  magnetic  field,  we  were  acquainted  with  the  fact 
that  a  slight  change  of  density  in  any  direction  is  accompanied  by 
such  modifications  of  the  magnetic  force  as  those  above  described  : 
— that  we  know  that  flour,  bran,  soap,  shale,  magnetic  dust,  diamag- 
netic dust,  &c.,  all  exhibited  this  directive  action, — that  it  is  in  fact 
a  universal  law  of  matter ;  and  then  let  us  imagine  some  fortunate 
experimenter  hanging  a  crystal  between  the  poles  and  observing  a 
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deportment  in  every  respect  similar.  Would  not  the  analosry  of 
the  case  at  once  flash  upon  him  ?  Would  he  not  regard  this  de- 
portment as  a  beautiful,  but  still  special  example  of  that  all-pervading 
law  with  which  he  was  previously  acquainted  ?  Would  he  not  con- 
gratulate himself  on  the  possibility  thus  opened  to  him  of  searching 
out  the  mysteries  of  crystalline  structure,  and  rendering  apparent  to 
his  mental  eye  the  manner  in  which  the  molecules  are  aggregated 
together  ?  He  would  never  have  assumed  the  existence  of  forces  al- 
together new  to  account  for  the  observed  actions ;  much  less  would 
he  have  aflirmed  that  they  were  wholly  independent  of  magnetism  or 
diamagnetism  ;  for  he  would  know  beforehand  that  the  modification 
of  these  forces  by  the  peculiarities  of  aggregation  was  the  exact 
thing  calculated  to  produce  the  phaenomena.  But  magnecrystallic 
action  was  discovered  when  its  universality  was  unknown ;  and 
hence  its  discoverer  was  led  to  regard  it  as  something  unique.  A 
great  temptation  lay  in  his  way  :  years  before,  a  magnet,  now 
present,  had  twisted  a  ray  of  light,  and  thus  suggested  a  connexion 
between  light  and  magnetism.  What  wonder  then  if  this  unifying 
instinct,  this  yearning  to  find  the  mystic  bond  which  unites  these 
forces,  this  prediction  of  the  human  mind  that  all  the  forces  of 
nature  are  but  branches  of  a  common  root, — what  wonder,  I  say,  if 
it  jumped  its  bounds  and  cried  "  I  have  it !  "  too  soon .''  For  a 
long  time  the  optic  axis,  and  it  alone,  was  chargeable  with  these 
phaenomena, — phaenomena  which  it  was  now  hoped  there  would  be 
little  difficulty  in  referring  to  their  proper  cause,  and  regarding  as 
examples  of  the  modification  of  force  by  the  peculiarities  of  aggre- 
gation. 

The  Lecturer  then  pointed  out  the  bearing  of  the  described  results 
upon  the  problem  of  the  diurnal  range  of  the  magnetic  needle.  Pro- 
fessor Faraday  had  referred  the  matter  to  the  modification  of  atmo- 
spheric magnetism  by  the  sun's  rays*.  That  an  eff'ect  was  produced 
here  could  not  for  a  moment  be  doubted,  but  the  precise  extent  of 
this  eff'ect  was  still  an  open  question.  The  discovery  of  a  decimal 
period  by  Lamont  threw  a  great  difficulty  in  the  way  of  any  theory 
which  would  refer  the  diurnal  range  to  thermic  action  ;  and  the 
difficulty  was  greatly  increased  by  the  observation  of  Col.  Sabine, 
who  connected  Lamont's  discovery  with  that  of  Schwabe  regarding 
the  solar  spots.  But  whatever  tlie  result  of  future  inquiries  as  to 
the  direct  magnetism  of  the  sun  may  be,  no  theory  which  proposes 
to  exhaust  the  subject  can  aff'ord  to  omit  the  mediate  operation  of 
the  sun  by  his  her'  ;  not  however  confining  it  to  the  atmos])here,  but 
extending  it  also  to  the  earth's  solid  crust.  Let  us  look  once  more 
to  our  experiments.  The  line  of  greatest  density  is  that  of  strcn'j-est 
magnetic  power.  The  body  operated  upon  by  the  magnet  is  itself  a 
magnet,  and  it  is  an  experimental  fact,  that  it  is  a  stronger  magnet 
along  the  line  of  greater  density  than  along  any  other  line.  If 
instead  of  increasing  the  density  in  one  direction  we  increase  it  in  all 
directions,  we  thereby  augment  the  general  magnetic  power  of  the 

*  Phil.  Mag.  March  1853. 
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body.  Anything  therefore  which  tends  to  increase  density  increases 
magnetic  power ;  and  whatever  diminishes  density  diminishes  mag- 
netic power  also.  Knowing  this,  the  conclusion  is  inevitable,  that 
the  local  action  of  the  sun  upon  the  earth's  crust  must  influence,  in 
some  degree,  the  resultant  effect.  The  action  here  meant  is  wholly 
different  from  that  hitherto  speculated  on,  and  which  had  reference 
to  the  generation  of  thermo-electric  currents  which  affect  the  needle. 
The  simple  mechanical  change  of  density  is  what  is  meant.  It  is  a 
true  cause,  and  no  complete  theory  can  omit  taking  it  into  account. 

The  Lecturer  then  proceeded  to  remark  on  the  influence  of  geo- 
logical changes  upon  the  earth  as  a  magnet,  and  concluded  as  follows  : 

"This  evening's  discourse  is,  in  some  measure,  connected  with 
this  locality  ;  and  thinking  thus,  I  am  led  to  inquire  wherein  the 
true  value  of  a  scientific  discovery  consists  ?  Not  in  its  immediate 
results  alone,  but  in  the  prospect  which  it  opens  to  intellectual 
activity,  in  the  hopes  which  it  excites,  in  the  vigour  which  it 
awakens.  The  discover}'  which  led  to  the  results  brought  before 
you  to  night  was  of  this  character.  Tliat  magnet  was  the  physical 
birth-place  of  these  results;  and  if  they  possess  any  value  they  are 
to  be  regarded  as  the  returning  crumbs  of  that  bread  which  in  1846 
was  cast  so  liberally  upon  the  waters.  I  rejoice,  Ladies  and  Gentle- 
men, in  the  opportunity  here  afforded  me  of  offering  my  tribute  to 
the  greatest  worker  of  the  age,  and  of  laying  some  of  the  blossoms 
of  that  prolific  tree  which  he  planted,  at  the  feet  of  the  great  dis- 
coverer of  diamagnetism." 


XLIX.  Intelligence  and  Miscellaneous  Articles. 

PECULIARITY  OBSERVED  IX  A  LUMINOUS  ARCH. 

To  the  Editors  of  tlie  P/iilosophical  Magazine  and  Journal. 

Gentlemex, 

MAY  I  inquire  through  your  Journal  whether  an  appearance 
similar  to  a  discharge  of  shooting  stars  has  been  ever  observed 
by  others  in  the  body  of  a  luminous  arch  ?  I  once  witnessed  such  a 
spectacle  ;  and  having  never  met  with  any  notice  of  a  similar  one, 
am  inclined  to  consider  it  to  have  been  singular,  and  therefore  not 
an  unfit  subject  for  record.      If  otherwise,  I  stand  corrected. 

It  is  now  several  years  since  I  saw*  this  phsenomenon.  On  the 
20th  of  February  1849,  about  10  p.m.,  when  looking  from  an  eastern 
window  I  observed  a  very  splendid  arch  in  the  heavens.  There  had 
been  one  the  preceding  evening  about  9  o'clock.  The  apex  of  both 
was  situated  some  degrees  soutli  of  the  zenith,  the  direction  being, 
as  usual,  nearly  at  right  angles  to  the  magnetic  meridian.  From 
some  rough  notes  I  have  discovered,  I  find  that  it  shot  up  from  the 
eastward  past  the  southern  region  of  the  Great  Bear,  ascending 
to  the  Twins  (then  just  culminated),  whence  it  descended  between 
the  stars  Bellatrix  and  Aldebaran,  and  through  Orion's  shield  down- 
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wards  ;  probably  reaching  the  regioas  of  Eridanus,  for  intervening 
buildings  hid  its  termination  westwards  from  my  view,  While 
gazing  at  it,  I  was  astonished  to  see  a  portion  of  the  eastern  limb,  at 
a  height  of  about  45°  or  50°,  suddenly  change  its  character  and  aspect, 
and,  for  an  extent  of  perhaps  live  degrees,  exhibit  the  spectacle  of  a 
crowd  of  minute  meteors  rushing  and  commingling  with  one  an- 
other,— each  individual,  so  far  as  the  eye  could  detect  from  the  ra- 
pidity and  confusion  of  their  motions,  precisely  resembling  an  ordinary 
shooting  star,  having  an  apparent  nucleus  and  a  luminous  train  fol- 
lowing it.  This  sight  lasted,  it  may  be,  nearly  a  minute  ;  and  I 
have  since  regretted  that  1  did  not  apply  a  30-inch  refractor,  which 
was  standing  in  the  room  at  the  time,  to  have  marked  the  appearance 
through  a  magnifying  medium  ;  but  I  had  scarcely  time.  Such 
is  a  brief  statement  of  the  fact.  I  shall  be  glad  if  it  should  afford 
any  interest  to  those  who  may  have  made  meteorological  phsenomena 
the  more  peculiar  object  of  their  attention. 
I  remain,  Gentlemen, 

Your  very  obedient  Servant, 

W.  Pringle. 
Edinburgh,  Feb.  14,  1853. 


P.S.  The  portion  of  the  luminous  bow  occupied  by  the  apparition 
of  the  minute  cometary  bodies  was  strictly  confined  in  breadth  to 
that  of  the  arch.  There  was  an  obvious  motion  of  the  luminous 
matter  of  the  arch  itself  in  a  direction  from  east  to  west,  resembling 
a  tremulous  stream.  The  cometary  projections  followed  the  same 
course,  while  they  lasted — the  space  they  occupied  being  filled  up, 
on  their  disappearance,  with  the  usual  luminous  appearance. — W.  P. 


ON  THE  PERIODS  OF  REVOLUTION"  OF  TUE  SATELLITES  OF 
JUPITER  AND  SATURN.       BY  A.  QUETELET. 

By  comparing  together  the  periods  of  revolution  and  the  distances 
of  the  satellites  of  Jupiter  and  Saturn,  several  very  simple  relations 
have  been  discovered,  which  are  described  in  the  diflFerent  treatises 
on  astronomy.  There  are  however  two  that  have  not  hitherto  been 
noticed  until  pointed  out  by  M.  le  Baron  Behr.  The  first  relates  to 
the  eight  satellites  of  Saturn  which  may  be  sujiposed  to  form  two 
groups,  one  consisting  of  the  four  inner,  the  other  of  the  four  ex- 
terior satellites.  With  regard  to  the  first  group,  there  is  the  fol- 
lowing passage  in  the  fourth  volume  of  Humboldt's  '  Cosmos':  — 

"  Between  the  first  four  satellites  a  remarkable  relation  of  com- 
mensurability  in  the  periods  of  revolution  presents  itself.  The 
period  of  the  third  satellite,  Tethys,  is  double  that  of  the  first, 
Mimus ;  that  of  the  fourth,  Dione,  double  that  of  the  second, 
Enceladus.     The  closeness  of  this  relation  extends  to  -^^  of  the 
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longer  periods.  This  unnoticed  result  was  communicated  to  me  by- 
Sir  J.  Herschel  in  a  letter  as  long  back  as  1845." 

With  regard  to  the  second  group,  the  ]ieriod  of  revolution  of  the 
seventh  satellite,  Hyperion,  is  live  times  that  of  the  fifth,  Rhea  ;  and 
the  period  of  the  eighth,  Japhet,  five  times  that  of  the  sixth.  Titan. 

These  results  will  be  best  shown  by  the  following  table  containing 
the  elements  of  comparison  :  — 


Satellites. 

Periods  of  revolution. 

Reduced  numbers. 

1. 

Mimus     .... 

.  .  .  .       0-943 

.        M   =     0-943 

2. 

Enceladus  .  . 

.  .  ..       1-370 

E    =      1-370 

3. 

Tethys    .... 

. ...       1-888  

.    i  T    =     0-944 

4. 

Dione 

. .  ..       2-789 

.    i  D  =     1-370 

5. 

Rhea 

.  .  ..      4-517 

.       R   =     4-517 

6. 

Titan 

..  ..     15-945 

T   =   15-945 

7. 

Hyperion 

.  .  .  .    22-500? 

.    iH   =     4-500 

8. 

Japhet     .... 

.  .  ..    79-330 

.    i  J   =   15-866 

Of  the  satellites  of  Jupiter,  it  is  known  that  the  period  of  revo- 
lution of  the  first  is  about  one-half  that  of  the  second,  which  is  itself 
again  one-half  the  period  of  the  third  satellite.  M.  Behr  also  points 
out  that  the  period  of  revolution  of  the  fourth  satellite  is  double  that 
of  the  third,  plus  4  of  the  difference  between  the  periods  of  the 
second  and  the  first. 

Satellites,  Periods  of  revolution.  Reduced  numbers. 

1 a  =      i-769   2a  =   3-538 

2 :..  b   =     3-551   b  =   3-551 

3 c   =     7-155   ..., |c  =   3  577 

4 d  =   16-699 2c  +  -^(b-a)  =16-686 

Proc.  Acad.  Roy.  de  Belgique. 


ON  THE  DISTRIBUTION  OF  GOLD. 

My  dear  Francis, 

As  considerable  interest  is  felt  at  the  present  time  concerning  the 
diffusion  of  gold  over  the  earth's  surface,  it  may  be  interesting  to 
the  readers  of  the  Philosophical  Magazine  to  be  informed  of  the 
results  of  an  investigation  of  that  subject,  which  is  now  being  carried 
on  at  the  Government  School  of  Mines.  So  far  as  that  investiga- 
tion has  extended,  I  may  state  that  a  sensible  and  visible  amount  of 
gold  has  been  extracted  from  every  variety  of  British  and  foreign 
lead,  as  well  as  every  specimen  of  litharge,  minium,  white  lead,  and 
acetate  of  lead,  which  have  been  examined.  It  has  also  been 
extracted  in  very  sensible  proportion  from  commercial  bismuth. 
Between  thirty  and  forty  determinations  have  already  been  made. 
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The  details  of  every  determination  will  be  shortly  published. 

I  have  great  pleasure  in  acknowledging  the  services  of  my  assist- 
ant Mr.  R.  Smith,  to  whom  the  investigation  has  been  entrusted. 

The   examination  is  now  being  extended   to  a  great  variety  of 
native  minerals.  I  remain,  my  dear  Francis, 

Yours  very  truly,  John  Percy. 


METEOROLOGICAL  OBSERVATIONS  FOR  FEB.  1853. 

Chiswick. — February  1,  2.  Very  dense  fog.  3.  Overcast :  cloudy.  4.  Cloudy: 
rain.  5.  Densely  overcast.  6.  Cloudy.  7.  Fine  :  overcast.  8.  Uniformly  over- 
cast. 9.  Foggy  :  dusky  haze  :  foggy  :  overcast :  raiu.  10  Cold  rain  :  drizzly  :  clear. 
11.  Fevr  snow-flakes.  12.  Cloudy.  13.  Overcast  throughout :  frosty.  14.  Over- 
cast:  sharp  frost.  15.  Frosty:  overcast:  frosty.  16.  Frosty  :  fine  :  clear.  17. 
Clear :  slight  snow.  18.  Fiosty,  with  brisk  wind  :  snow-shower  occasionally. 
19.  Dry  and  frosty  :  clear :  frosty.  20.  Frosty  :  large  white  clouds  :  clear  and 
frosty.  21.  Clear  and  frosty  :  fine  :  clear,  with  sharp  frost  at  night.  22.  Frosty : 
rain :  overcast.  23.  Drizzly :  fine  :  clear  and  boisterous  at  night.  24.  Clear 
and  frosty :  overcast :  rain  at  night.  2b.  Cloudy  :  overcast :  rain  at  night.  26. 
Boisterous,  with  rain.  27.  Overcast:  clear  and  frosty.  28.  Clear  and  frosty : 
cold  dry  air  :  clear  and  frosty  at  night. 

Mean  temperature  of  the  month  32°-53 

Mean  temperature  of  Feb.  1852        38-72 

Mean  temperature  of  Feb.  for  the  last  twenty-seven  years...  40  '06 
Average  amount  of  rain  in  Feb. 1*62  inch. 

Boston. — Feb.  1.  Foggy.  2,  3.  Cloudy.  4.  Cloudy :  rain  a.m.  and  p.m. 
5,  6.  Cloudy.  7.  Cloudy  :  rain  p.m.  8.  Cloudy.  9.  Cloudy  :  rain  p.m.  10, 
Cloudy :  rain  and  snow  a.m.  and  p.m.  1 1.  Cloudy  :  snow  a.m.  and  p.m.  12.  Fine  : 
snow  a.m.  and  p.m.  13.  Fine  :  snow  a.m.  14.  Cloudy  :  snow  a.m.  15, 16.  Fine. 
17.  Cloudy  :  snow  a.m.  18.  Fine  :  snow  a.m.  19.  Fine.  20.  Cloudy  :  snow  a.m. 
21.  Fine.  22.  Cloudy  :  snow  a.m.  and  rain  p.m.  23.  Fine  :  snow  p.m.  24,  25. 
Fine.     26,  27.  Cloudy :  snow  p.m.     28.  Cloudy. 

Sandwick  Manse,  Orkney. — Feb.  1.  Bright  a.m.:  fine,  cloudy,  aurora  p.m.  2. 
Hazy  A.M. :  cloudy  p.m.  3.  Rain  a.m.  and  p.m.  4.  Rain  a.m.  :  clear,  aurora  p.m. 
5.  Clear,  frost  a.m.  :  cloudy  p.m.  6.  Cloudy  a.m.  :  showers,  aurora  p.m.  7. 
Bright  a.m.  :  clear,  frost  p.m.  8.  Clear,  frost  a.m.  and  p.m.  9.  Rain  a.m.  : 
cloudy  P.M.  10.  Bright,  fiost  a.m.  :  snow-showers  p.m.  11.  Snow-showers  a.m.  : 
snow-drift  p.m.  12.  Snow-showers  a.m.  :  cloudy  p.m.  13.  Snow  a.m.  :  clear  p.m. 
14.  Snow,  clear  A.M. :  clear,  aurora  p.m.  15.  Sleet-showers  a.m.  :  cloudy  p.m. 
16.  Snovz-showers  a.m.  :  clear  p.m.  17.  Snow-drift  a.m.  and  p.m.  18.  Deep 
snow  A.M. :  snow-showers  p.m.  19.  Snow-showers  a.m.  :  snow-drift  p.m.  20. 
Snow-showers  a.m.  and  p.m.  21.  Cloudy  a.m.  :  thaw,  showers  p.m.  22.  Frost  a.m.  : 
cloudy,  thaw  p.m.  23.  Snow-drift  a.m.  :  snow-showers  p.m.  24.  Snow,  cloudy 
a.m.  :  snow-drift  p.m.  25.  Snow-showers  a.m.  :  snow,  cloudy  p.m.  26.  Snow- 
showers  A.M.  and  p  m.  27.  Clear  a.m.  :  fine,  aurora  p.m.  28.  Snow,  cloudy  a.m.  : 
clear,  aurora  p.m. 

Mean  temperature  of  Feb.  for  twenty-six  previous  years  38°-44 

Mean  temperatuie  of  this  month     33  -74 

Average  quantity  of  rain  in  Feb.  for  seven  previous  years 4-23  inches. 

All  marked  as  rain  after  11th  is  melted  snow,  viz.  1'77  inch. 
The  snow-storm  began  on  the  night  of  the  10th  and  continued  till  the  end  of 
February,  being  the  most  severe  remembered  for  twenty-six  years  at  least,  except 
in  1838,  when  the  snow  continued  all  the  month  aud'all  tiic  previous  January, 
except  the  first  eight  days.  It  has  also  been  one  of  the  coldest  months  during 
that  time,  the  only  one  decidedly  colder  being  February  1838,  when  the  mean 
temperature  was  31°-31.  Some  instances  occurred  of  the  snow  being  rolled  up  in 
hollow  fluted  cylinders,  as  formerly  observed  here  and  described  in  February 
1847  *,  but  on  a  much  smaller  scale. 

*  See  our  Number  for  April  1847. 
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L.   On  the  Relations  between  the  Atomic  Weights  of  analogous 
Elements.     Bij  J.  H.  Gladstone,  Ph.D.'^- 

CHEMISTS  who  have  turned  their  attention  to  the  series 
of  numbers  representing  the  atomic  weights  of  the  ele- 
mentary bodies,  have  frequently  remarked  curious  relations 
between  them.  It  is  between  similar  elements  that  these  nume- 
rical relations  occur  ;  and  to  such  an  extent  is  this  the  case,  that 
Berzelius,  after  mentioning  numerous  instances,  says,  "  We  see 
that  bodies  which  present  the  same  properties  up  to  a  certain 
point  have  certain  relations  between  their  atomic  weightsf-" 

To  illustrate  this  statement,  to  show  the  extent  of  its  truth, 
and  to  draw  certain  analogical  inferences  tending  to  the  proper 
understanding  of  such  a  fact,  are  the  objects  of  this  communi- 
cation. 

The  following  is  a  list  of  the  atomic  weights  arranged  from 
the  lowest  to  the  highest,  and  thus  without  any  reference  to 
chemical  relationshi]).  The  numbers  adopted  are  those  given  in 
the  last  volume  of  Liebi^'s  Jahresbericht. 


1 

Hydrogen. 

14 

Nitrogen. 

4-7 

Glucinum. 

16 

Sulphur. 

6 

Carbon. 

19 

Fluorine. 

6-5 

Lithium. 

20 

Calcium. 

8 

Oxygen. 

21-3 

Silicon. 

10-9 

Boron. 

22-4 

Zirconium 

12 

Magnesium. 

23 

Sodium. 

13-7 

Aluminium. 

25 

Titanium. 

*  Communicated  by  the  Author, 
t  Traite  de  Chiinie,  vol.  iv. 
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26-7 

Chromium. 

58 

Tin. 

27-6 

Manganese. 

59-6 

Thorinum. 

28 

Iron. 

60 

Uranium. 

29-5 

Cobalt. 

64-2 

Tellurium. 

29-6 

Nickel. 

68-5 

Barium. 

31 

Phosphorus. 

68-6 

Vanadium 

31-7 

Copper. 

75 

Arsenic. 

32-6 

Zinc. 

80 

Bromine. 

35-5 

Chlorine. 

92 

Tungsten. 

39-2 

Potassium. 

98-7 

Platinum. 

39-5 

Selenium. 

99 

Iridium. 

43-8 

Strontium. 

99-6 

Osmium. 

46 

Molybdenum. 

100 

Mercury. 

47 

Cerium. 

103-7 

Lead. 

47 

Lanthanium. 

108-1 

Silver. 

50 

Didymium. 

127-1 

Iodine. 

52-2 

Rhodium. 

129 

Antimony 

52-2 

llutheuium. 

184 

Tantalum. 

53-3 

Palladium. 

197 

Gold. 

56 

Cadmium. 

208 

Bismuth. 

If  we  glance  at  this  list  we  notice  some  peculiarities,  but  no 
veiy  striking  ones.  We  might  ask,  for  instance,  Why  should 
there  be  so  many  elements  cougregated  about  No.  28;  and, 
again,  about  52  ?  Why  should  there  be  only  one  atomic  weight 
between  80  and  99,  and  then  a  group  of  four  ? 

The  following  letter,  kindly  sent  me  by  Professor  De  Morgan, 
will  give  the  data  for  calculating  the  probabilities  of  this.  I 
introduce  it  on  account  of  its  applicability,  not  only  to  this  par- 
ticular case,  but  to  others  which  will  occur  in  these  observations. 

"Univ.  Coll.,  Loncl.,Dec.  18,1852. 

"  Dear  Sir, — The  following,  though  but  an  imperfect  view 
of  the  whole  question,  will  be  enough,  I  think,  for  your  pur- 
pose.    I  send  formula  and  all,  that  who  likes  may  verify  it. 

"  If  there  be  n  numbers,  each  of  which  may  be  drawn  at  any 
trial,  and  all  equally  likely,  and  if  the  following  denominations 
be  used. 


&c. 
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Then,  speaking  of  one  assigned  number,  the  chance  that  that 
number  shall  not  appear  in  m  trials,  is  P ;  that  it  shall  appear 
once  and  once  only,  is  Q ;  twice  and  twice  only,  is  R ;  and  so 
on.  Further,  the  chance  that  it  shall  appear  once  or  more  is  1  —  P. 
That  it  shall  appear  twice  or  more,  the  chance  is  1  — (P  +  Q). 
Three  times  or  more,  1  — (P  +  Q  +  R) ;  and  so  on. 
"  For  calculation, 

mP 


Q= 
R  = 

S  = 


n  — 1 

(m-l)Q 

2(w-l) 

(m-2)R, 


3(/i-])  ' 
and  so  on. 

"  Let  there  be  100  numbers,  and  60  trials  to  be  made.  I  find 


p= 

•54716 

Q= 

•33161 

R= 

•09881 

S  = 

•01929 

T  = 

•00278 

U  = 

•00031 

+Q+R+S+T+U= 

•99996 

1-00000 

•00004.     Chance  of  six  or  more 
of  a  given  number. 

"  It  is  then  99996  to  4,  or  24999  to  1,  against  the  appearance 
of  a  predicted  number  six  or  more  times. 

"  Now  suppose  the  question  to  be  what  is  the  chance  that 
some  one  number,  not  named,  shall  occur  six  or  more  times ; 
that  is,  cither  the  one  named  in  the  last  case,  or  some  other  ? 
This  is  a  much  more  complicated  question,  but  it  is  certain  that 
100  times  the  chance  in  the  last  is  too  great.  Now  •00004  x  100 
=  •004,  which  is  too  nnich  decidedly.  Consequently  996  to  4, 
or  249  to  1,  are  too  small  odds  to  lay  against  the  appearance  of 
some  one  number  six  or  more  trials. 

"  That  is,  you  may  lay  more  than  250  to  1  that  of  all  the 
numbers,  no  one  will  occur  six  oi-  more  times  in  60  trials^ 
"  I  am,  dear  Sir, 

"  Yours  faithfidly, 
"  Dr.  Gladstone."  "A.  De  Morgan." 

Reverting  to  the  list  of  elements  given  above,  we  certainly 

Y2 
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find  no  recuiTence  of  certain  numbers^  or  other  peculiarity,  suf- 
ficiently striking  to  warrant  us  in  drawing  any  inference ;  but 
let  us  arrange  the  elements  according  to  their  chemical  relations, 
and  the  case  will  be  entirely  altered.  Any  arrangement  of  the 
elements  is  attended  with  difficulty  :  I  shall  not  attempt  to  form 
one  of  my  own,  as  it  would  be  oj)en  to  the  objection  that  my 
mind  had  been  biassed  by  dwelling  uj)on  the  numerical  relations ; 
but  I  shall  adopt  that  gi\en  in  Gmclin's  Handbook  of  Chemistry 
at  the  commencement  of  vol.  ii. 


0 

N 

H 

F  CI  Br  I 

LNaK 

S  SeTe 

MgCaSrBa 

P  As  Sb 

GErYTrCeDiLa 

CBSi 

ZrThAl 

Ti  Ta  Nb  Pe  W 

Sn  CdZn 

:\Io  V  Cr 

U 

Mn  Co  Ni  Fe 

Bi 

Pb 

Ag 

HgCu 

OsKu 

Ir 

R 

Pt  Pd     Au 

Even  here  many  elements  are  grouped  together  which  have 
but  a  faint  chemical  resemblance.  Thus  tin  has  little  in  common 
with  cadmium  and  zinc,  or  mercury  with  copper ;  fluorine  is  very 
different  fi'om  the  other  halogens ;  magnesium  can  scarcely  rank 
with  the  metals  of  the  alkaline  earths ;  whilst  late  researches 
have  shown  the  strict  isomor])liism  of  chromium  with  manganese 
or  iron. 

If  we  substitute  the  equivalent, numbers  in  this  arrangement, 
the  slightest  glance  will  make  us  acquainted  with  many  remark- 
able resemblances.     Decimals  are  omitted  for  the  sake  of  brevity. 


8 

14 

1 

19,  35,  80,  127 

6,  23,  39 

16,39,    64 

12,20,44,68 

31,  75, 129 

5; 

i  — ,  — ,  — ,  47,  50,  47 

6,  11,  21 

22,  60,  14 

25,  184,  — ,  ■ 

) 

92 

58,  56,  33 

46,  69, 

r, 

r 

60, 

28,  29,  30,  28 

208, 

104, 

108, 

100,  32 

100,  52, 

99 

1 

52, 

99,  53,  197. 

Looking  more  closely  into  this  arrangement  of  numbers,  we 
shall  find  the  observation  of  Berzelius  borne  out  in  every  instance, 
but  one,  of  a  well-defined  chemical  group. 
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These  numerical  relations  arc  of  three  kinds.  The  atomic 
weights  of  analogous  elements  may  be  the  same;  or  may  be  in 
multiple  proportion ;  or  may  differ  by  certain  increments. 

Of  the  first  class  we  remark  the  strictly  analogous  metals, — 
chromium  26-7,  manganese  27-6,  iron  28,  cobalt  29-5,  and 
nickel  29-6.  Then  a  double  group  of  the  platinum  ore  metals : — 
l)alladium  53-3,  rhodium,  52-2,  and  ruthenium  52-2 ;  and  also 
platinum  98*7,  iridium  99,  and  osmium  99-6.  We  are  tempted 
to  add  to  this — mercury  100.  Again,  in  the  mineral  cerite  we 
find  together — cerium  47,  lanthanium  47,  and  didymium  50.  It 
has  been  remarked,  not  only  that  the  metals  of  each  of  these 
groups  have  similar  ]u-operties  and  weights,  but  that  they  are 
found  associated  together  in  nature.  The  question  has  often 
been  put, — Would  more  accurate  determinations  show  these 
atomic  weights  to  be  not  nearly  but  exactly  the  same  ?  It  may 
be  doubted.  Yet  it  ought  to  be  remembered  that  these  numbers 
are  the  actual  results  of  experiment,  and  are  not  controled  by 
any  theory,  as  is  always  the  case  with  organic  compounds. 

As  to  the  second  class  of  numerical  relations  among  atomic 
weights,  namely,  mrdtiple  proportions,  "Who  has  failed  to  remark 
that  the  platinum  group  has  double  the  atomic  Aveight  of  the 
palladium  group,  and  that  gold  197  is  again  the  double  of  pla- 
tinum ?  These  two  pairs  have  frequently  been  noticed — boron 
10-9,  and  silicon  21*3;  oxygen  8,  and  sulphur  16.  We  now 
come  to  a  large  group,  those  metals  whose  oxides  principally 
affect  an  acid  character,  being  also  insoluble  in  water.  The 
highest  of  these  in  weight  is  tantalum  181;  half  184  is  92 — 
the  equivalent  of  tungsten;  half  92  is  46~the  equivalent  of 
molybdenum  ;  and  half  46  is  23— just  below  the  recognized 
equivalent  of  titanium  25*.  Three  times  23  is  69:  now  68-6 
is  the  equivalent  of  vanadiimi,  being  intermediate  between  tung- 
sten and  molybdenum.  Tin  has  certain  claims  to  be  grouped 
along  with  the  same  elements  ;  its  equivalent  is  58  :  now  57*5 
would  be  two  and  a  half  times  23,  and  intermediate  between 
molybdenum  and  vanadium.  Taking  11*5  as  the  basis  number 
of  this  series,  we  have — 


leceived  eqviiv. 

Titanium      . 

.     2x11-5=  23 

25 

Molybdenum 

.     4x11-5=  46 

46 

Tin    .     .     . 

.     5x11-5=   57-5 

58 

Vanadium    . 

.     6x11-5=   69 

68-6 

Tungsten     . 

.     8x11-5=   92 

92 

Tantalum     . 

.  16x11-5  =  184 

184 

*  23-6  accordinp;  to  Mosander. 
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Silicon  is  certainly  very  similar  to  the  first  of  this  group,  tita- 
nium^ but  its  atomic  number  14'2  (reckoning  silica  to  be  SiO^)  is 
unconformable. 

These  metals,  whose  numbers  have  a  multiple  relationship, 
are  not  remarkable  for  being  found  together  in  nature. 

The  third  kind  of  relationship  is  where  an  element,  having 
properties  intermediate  between  those  of  two  other  elements,  has 
the  intermediate  atomic  weight.  Four  instances  of  this  have 
been  noticed*.  We  observe  all  four  groups  in  the  arrangement 
of  Gmelin  given  above.     They  are — 

The  metals  of  the  alkalies  : — 

Lithium,  6-5.     Sodium,  23.     Potassium,  39"3. 
The  metals  of  the  alkaline  earths  : — 

Calcium,  20.     Strontium,  43*8.     Barium,  68*5. 
The  halogens : — 

Chlorine,  35*5.     Bromine,  80.     Iodine,  127-1. 
Sulphur  and  its  congeners  : — 

Sulphur,  16.     Selenium,  39*5.     Tellurium,  64'2. 

The  members  of  the  last  two  groups  generally  occur  together  in 
nature. 

There  are  certain  analogies  which  may  perhaps  lead  us  to 
some  understanding  of  these  facts. 

First,  in  the  case  where  there  is  the  same  atomic  weight.  If 
the  allotropism  of  an  element  were  carried  through  all  its  com- 
pounds, we  should  have  what  occurs  in  the  iron  and  similar 
series.  The  only  partial  instances  of  this  which  I  remember  are 
the  sulphides  of  phosphorus,  as  remarked  by  Berzelius,  and  silicic 
acid,  the  two  conditions  of  which  bear  a  striking  analogy  to  the 
two  allotropic  forms  of  the  elementary  silicon  itself. 

Secondly,  in  the  case  of  multiple  atomic  weights,  is  there  not 
something  analogous  to  the  polymerizing  of  which  we  have  many 
examples  in  organic  chemistry  ?  or  to  the  modifications  of  a  metal, 
such  as  mercury,  where  we  have  100  or  200  parts  combining 
with  1  equivalent  of  chlorine  to  form  a  salt  ?  the  difference 
in  this  latter  case  being,  that  when  we  regenerate  the  metal,  from 
whatever  source,  it  is  always  the  same  mercury. 

Thirdly,  in  the  case  where  an  element  of  intermediate  proper- 
ties has  an  intermediate  atomic  weight.  I  regard  this  as  strictly 
analogous  to  the  series  of  homologous  bodies  so  common  in 
organic  chemistry.  My  meaning  may  be  best  explained  perhaps 
by  a  reference  to  the  quasi-metals,  or  compound  hydrogens.  We 
have  hydnjgen  1,  methyle  15,  sethyle  29,  amyle  71  :  the  com- 

*  See  Gmelin's  Handbook  of  Chemistry,  part  1 .  Dumas  also  brought 
forward  some  speculations  on  these  groups  at  the  Ipswich  Meeting  of  the 
British  Association. 
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pounds  of  these  bodies  differ  progressively  in  properties — the 
boihng-point  for  instance — and  tliej^  occur  together  in  the  pro- 
cesses of  their  preparation.  Methyle  is  intermediate  in  chemical 
characters  between  hydrogen  and  sethyle,  and  has  the  interme- 

1+29 
diate  atomic  weight  — ^^  =15.     If  we  did  not  know  in  what 

respect  the  one  quasi-metal  differed  from  another^  we  should 
have  a  series  of  bodies  precisely  analogous  to  the  metals  of  the 
alkalies  :  but  we  do  know  it ;  we  know  that  methyle  is  hydrogen 
plus  a  certain  increment  C^  H'^ ;  sethyle  is  hydrogen  plus  twice 
C^  H^,  &c.  The  general  expression  for  any  such  homologous 
series  is,  taking  x  as  the  increment^- — 

a;     a  +  x;     a  +  2x;     a  +  3x,  &c. 

This  will  equally  apply  to  any  other  cases  of  the  addition  of 
increments — the  conjugate  organic  acids,  such  as  formo-benzoic 
acid,  or  the  series  phosphoric  acid  PO^,  71,  azophosphoric 
acid  P^NQs,  116,  and  deutazophosphoric  acid  P^N^O^  161. 
Now  it  is  precisely  in  like  manner  that  I  regard  these  series 
of  elements  :  I  view  sodium  as  lithium  plus  a  certain  incre- 
ment; in  fact,  Xa  =  L  +  cr,  and  K  =  L  +  2.v.  Lithium  is  here  the 
starting-point,  the  " hydrogen ^^  of  the  series;  and  so  in  like 
manner  are  calcium,  chlorine,  and  sulphur.  We  do  not  know 
what  the  increments  are,  but  we  know  their  atomic  weights. 

In  the  lithium  series  it  is  16*3 

...    calcium  ...  2-4"2 

...    chlorine         ...  45*8 

...     sulphur          ...  24*1 

It  is  remarkable  that  the  increments  of  the  calcium  and 
sulphur  series  are  the  same  in  weight — 24,  and  that  the  incre- 
ment of  the  lithium  series  should  be  almost  exactly  two-thirds  of 
that  number. 

Why  should  this  numerical  relation  always  give  us  triads  ? 
As  yet  we  have  no  instance  of  a  fourth  member  of  one  of  these 
series,  unless  indeed  we  view  the  titanium  scries  in  this  light ; 
but  the  advance  of  science  may  furnish  us  with  such  instances  if 
my  theory  of  increments  be  correct.  Whether  any  element  not 
contained  in  these  groups  have  the  atomic  weight  of  some  other 
plus  a  certain  increment,  cannot  be  known  until  we  have  a  thii'd 
member  of  the  series  to  prove  the  fact.  Thus  we  can  only 
speculate  upon  the  curious  circumstance,  that  zinc  and  cad- 
mium— two  similar  metals  occurring  together  in  nature — have 
atomic  weights  ditforing  almost  by  the  remarkable  number  24. 
Zn  32-6-1- 23-4  =  56  at.  wt.  of  Cd. 
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I  believe  that,  with  one  exception,  every  well-defined  group  of 
elements  has  been  considered  under  these  three  classes.  That 
exception  is  in  the  case  of  arsenic  and  antimony,  which  are  un- 
questionably analogous,  phosphorus  being  also  closely  allied  to 
them  :  the  three  arc  placed  together  in  Gmelin's  arrangement, 
but  I  see  no  ratio  between  their  numbers  81,  75, 129.  Schroet- 
ter's  reduction  of  the  equivalent  of  phosphorus  has  prevented 
our  considering  antimony,  129,  as  four  times  that  element.  It 
is,  however,  double  tellurium,  64*2,  which  is  in  some  respects  an 
analogous  body. 

There  are  several  elements,  such  as  bismuth,  w^hich  have  no 
veiy  evident  analogues ;  and  of  others  which  are  similar  we 
cannot  speak,  because  we  are  ignorant  of  their  atomic  weights. 
These  are  pelopium  and  niobium,  and  yttrivnn  erbium  and 
terbium. 

Alumina  is  usually  classed  with  the  earths ;  but  its  compounds 
are  strictly  isomorphous  with  those  of  the  sesquioxides  of  the 
iron  group.  The  equivalent  of  aluminium,  13" 7,  happens  to  be 
half  of  theirs.  Again,  glucina  is  certainly  an  analogous  earth ; 
viewing  it  also  as  a  sesquioxide,  the  equivalent  of  glucinum  is  7, 
which  is  half  that  of  aluminium. 

Some  of  the  properties  of  lead  would  ally  it  to  the  family  of 
the  alkaline  earths,  but  there  is  no  apparent  numerical  relation  : 
in  other  points  it  resembles  silver,  with  which  it  is  so  generally 
found;  their  respective  equivalents  are  103'7  and  lOS'l,  but 
neither  the  resemblance  of  chemical  properties  nor  of  number  is 
very  close.  I  would  rather  not  consider  it  an  instance  of  the 
general  law. 

Whatever  may  be  thought  of  some  of  the  speculations  towards 
the  close  of  this  paper,  these  numerical  relations  are  indisputable 
facts.  That  we  should  frequently  find  relations  between  56 
numbers  drawn  at  hazard  from  a  range  little  exceeding  100 
might  be  ])redicted  from  the  laws  of  probability,  but  that  this 
should  be  to  a  considerable  extent  coincident  with  chemical 
relationship  is  not  probable.  Still  more  is  it  against  all  proba- 
bility that,  by  mere  chance,  whenever,  with  one  exception,  close 
analog)'^  of  properties  exists,  there  exists  also  numerical  relation- 
ship; and  although  we  cannot  now  see  the  precise  reason  of  this, 
we  can  scarcely  imagine  that  the  intimate  constitution  of  these 
related  elementary  bodies  will  long  remain  an  unfruitful  field  of 
investigation. 
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[Continued  from  p.  238.] 

7.  nr^HE  geometrical  theorems  stated  iu  recent  articles  of  this 
J-  paper,  although  perhaps  not  inelegant,  cannot  pretend 
to  be  important :  indeed  a  hint  has  been  given  (in  a  note)  of  a 
quite  elementary  way,  in  which  they  may  be  geometrically 
demonstrated.  But  I  think  that  the  analytical  process,  by  which 
I  was  led  to  the  formula  of  ai-t.  5,  whereof  the  geometrical  state- 
ments of  art.  6  arc  in  part  an  interpretation,  may  deserv^e  to  be 
considered  with  attention,  on  account  of  the  novelty  of  the 
method  employed  :  and  especially  for  the  examples  which  it  sup- 
plies of  calculation  with  biquaternions. 

8.  After  obtaining  the  result  already  published  in  this  Maga- 
zine (compare  the  number  for  May,  1852),  for  a  certain  conti- 
nued fraction  in  quaternions,  namely  that  if 


-a)'^. 


thenf 

II.  — ?/' 


+  ,  -  (1)* 


u',  u"  being  roots  of  the  quadratic  equation 

u^  ■{- ua  =■  b ; (3) 

and  after  hence  deducing  the  theorem  (given  in  page  303  of  the 
Philosophical  Magazine  for  October,  1852),  that  for  the  case  of 
real  quaternions,  and  of  unequal  tensors, 

u^=u",  if  Tm"<T«'; (4) 

it  was  obvious,  as  a  particular  application,  that  by  changing 
a,  b,  c,  u',  u",  u^  to  a,  /3,  Pq,  p',  p",  p^,  and  by  supposing  these  last 
to  be  six  real  vectors,  among  which  /3  is  perpendicular  to  all  the 
rest,  I  might  write 

P.-p"^^,I.Po-p"j-.r.  f5N 

p,.  —  p'  Po     P 

and  ultimately, 

p^=p",  if  Tp"<V, (6) 

*  The  numbering  of  the  equations  commences  here  anew. 

t  This  result  holds  good  also  in  ordinary  algebra,  and  even  in  arithmetic  : 
but  in  applying  it  to  quaternions,  the  order  of  the  factors  must  be  at- 
tended to. 
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the  vectors  p',  p"  being  roots  of  the  quadratic,    , 

P'  +  po^  =  ^ (7) 

This  last  equation  gave,  by  taking  separately  the  scalar  and 
vector  parts, 

/3'  +  S.p«  =  0; (8) 

V.p«=^; (9) 

whereof  the  former  (8)  expressed  that  p  terminated  on  a  spheric 
surface,  passing  through  the  origin,  and  having  the  vector  —a 
for  its  diameter ;  while  the  latter  (9)  expressed  that  p  terminated 
on  a  right  line,  which  was  drawn  through  the  extremity  of  the 
vector  /Sa~S  in  a  direction  parallel  to  that  diameter.  Thus  (9) 
gave,  by  the  rules  of  the  present  calculus, 

p  =  ^a-i+.m,     p^=-/3^«-2  +  A'V,      ^.pa  =  xu^;      .      (10) 
and  therefore,  by  (8),  I  had  the  ordinary  quadi-atic  equation, 

a?2  +  a7=)82«-Sor  (2^^  +  l)V  =  a4  +  4/32>0,     .     (11) 

as  in  art.  4  (Phil.  ]\Iag.  for  February,  1 853)  :  the  two  values  of 
the  vector  p,  which  answer  to  the  two  values  of  the  scalar  coeffi- 
cient X,  being  here  supposed  to  be  geometrically  i-eal  and  unequal; 
or  the  right  line  (9)  being  supposed  to  meet  the  spheric  surface 
(8),  in  two  distinct  and  real  points,  a,  b.     Hence  by  assuming 

p'  =  CA,       p"  =  CB,       Pq=CV,  pi  =  CQ,       «  =  DC,  y8=CA.  DA,      (12) 

I  was  conducted  with  the  greatest  ease  to  the  theorems  of  the 
last-cited  article. 

9.  But  in  the  case  of  art.  5,  namely  when 

a4  +  4;82  =  0, (13) 

and  when  consequently 

x=-l,     p"=p'  =  ^«-'-i«,     .     .     (14) 

the  equality  of  the  two  roots  of  the  quadratic  (11)  in  x,  or  of  the 
two  real  and  vector  roots  of  the  equation  (7)  in  p,  appeared  to 
reduce  the  formula  (5)  to  an  identity  :  and  the  simple  process  of 
the  article  last  cited  did  not  immediately  occur  to  me.  I  there- 
fore had  recourse  to  certain  imaginary  or  purely  symbolical  solu- 
tions, of  that  quadratic  equation  (7),  or  rather  of  the  following, 
by  which  we  may  here  conveniently  replace  it, 

u^  +  u[i-k)=j; (15) 

the  continued  fraction  to  be  studied  being  now, 

".=  (riT)'"o,       (16) 

where  ijk  are  the  usual  symbols  of  this  calculus,  and  Wq  may 
denote  any  arbitrarily  assumed  quaternion.     By  an  application 
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of  a  general  process  (described  in  art.  619  of  my  unpublished 
Lectures  on  Quaternions),  I  found  that  the  quadratic  (15)  might 
be  symbolically  satisfied  by  the  two  following  imaginary  quater- 
nions, or  biquaternion  expressions : 

u'=-i-h{l-j);u"=-i  +  h{l-j);      .      .      (17) 

where  h  is  used  as  a  temporary  and  abridged  symbol  for  the  old 
and  ordinary  imaginary  of  common  algebra,  denoted  usually  by 
\^  —  \,  and  regarded  as  being  always  a  free  or  commutative  factor 
in  any  multiplication  :  so  that 

h^  =  —  1 ,  hi= ill,  hj  =jh,  hk  =  kh,  .  .  (18) 
although  ji  =  —  ij,  &c.  In  fact  the  fii'st  of  these  expressions  (1 7) 
gives, 

u\u'-\-i-k)  =  {i  +  h{l  -j)  ][k  +  h{\  -j) } 

=  ik  +  h{i{l-j)  +  {l-j)k}+h\\~jf 
=  -j  +  h{i-k  +  k-i)-^h^{\-2j-\) 

=  -j  +  0h  +  2j=j;         (19) 

and  the  second  expression  (17)  gives,  in  like  manner, 

u"{u"  +  i-k)=j: (20) 

so  that,  without  entering  at  present  into  any  account  of  the  pro- 
cess which  enabled  me  to  find  the  biquaternions  (17),  it  has  been 
now  jjroved,  a  posteriori,  by  actual  substitution,  that  those  expres- 
sions do  in  fact  symbolically  satisfy  the  quadratic  equation  (15). 
And  because  they  are  unequal  roots  of  that  equation,  as  differing 
by  the  sign  of  h,  I  saw  that  they  might  be  employed  in  the 
general  formula  (2),  without  being  liable  to  the  practical  objec- 
tion that  lay  against  the  employment  of  the  two  real  but  equal 
roots,  p',  p",  of  the  equation  (7). 

10.  Introducing  therefore  into  the  formula  (2),  or  into  the 
following,  which  is  a  transformation  thereof, 


«^.-w"_m"-''(mo-"") 


(21) 


w,-m'        u'^'iuQ-u') 
the  values  (17),  or  these  which  are  equivalent, 

u<  =  -h{\-j-hi),     u"  =  h{l-j  +  hi);    .     .     (22) 
and  observing  th^t 

U±hiy-=f±h{ji+ij)-i^-=o,    ....    (23) 

and  that  therefore* 

{l-j  +  hiY=l-a;j  +  a;hi; (24) 

*  More  generally,  with  these  rules  of  eombination  of  the  symbols  hijk,  if 
^be  any  algebraic  funetiou,  antl /"'  the  derived  function, 

A\  +  tj±thi)=A\)  +  tf{\]ij±hi); 

because  {tj+thi)-:=0,  if  t  be  any  scalar  coetlicient. 


(27) 
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we  see  that 

u  +i—h(l  —  i)  A  —/iB  ,-,_, 

where  a  ,  b^.  arc  two  real  quaternions,  namely, 

or,  as  we  may  also  write  them, 

B^.=  —xi{uQ—k)  +  1  —j.      J 

In  this  manner  I  found  it  possible  to  eliminate  the  symbol  h,  or 
to  return  from  imaginary  to  real  quaternions ;  and  so  perceived 
that 

Both  of  these  two  last  formulae  agree  in  giving,  as  a  limit, 

!^^'  =  /  =  ^  =  +^; (29) 

and  therefore  (as  in  art.  5), 

{j:ikT)\='''^=-^+i'0^-J)=^^  '  (30) 

whatever  real  quaternion  may  be  assumed  for  Uq.  This  last 
restriction  becomes  here  necessary,  from  the  generality  of  the 
analysis  employed :  because,  for  the  very  reason  that  v!,  u"  are 
admitted  as  being  at  least  symbolical  (or  imaginary)  roots  of  the 
equation  (15),  therefore  we  must  here  say  that 

\i  Uq=iv! ,  then  z<j.  =  w',  n^=^u' ;  .  .  .  (31) 
and  in  like  manner, 

Huq^u",  then  m^=m",  u^=u".    .     .     .     (32) 

11.  By  the  first  of  the  two  real  quaternion  equations  (28), 
we  have, 

u2,^—k-—i—k  +  A^nB~^{l—j);    .     .     .     (33) 

but  also,  by  the  latter  of  the  two  values  (27), 

va-i)={a-i)-^M"'=(^^--B2«)"' 

=={l+n{k-i){uo-k)}-';       .     .     .     (34) 
again,  by  the  former  of  the  same  two  values  (27), 
A2n-{k  +  i){l  +  n{k-i){uQ-k)} 

=:A2n-{k  +  i)+2nj{uo-k)=UQ—k;    .     (35) 


On  Continued  Fractions  in  Quaternions.  325 

therefore 

u^^  —  k=(uQ—k){l+n{k—i){uQ  —  k)}-^ 

=  {{uo-f<r'  +  <^-i)}~';       .     •     (36) 
or  more  simply, 

{u,,-k)-'-{u,-k)-'=n{k-i).    .     .     .     (37) 

It  was  in  this  way  that  I  was  originally  led  to  the  formula  of 
art.  o,  namely, 

{u2n+^-k)'''^  —  {iir—k)~^  =  n{k—i);     .     .     (38) 

but  having  once  come  to  see  that  this  result  held  good,  it  was 
easy  then  to  pass  to  a  much  more  simple  proof,  such  as  that 
given  in  the  last-cited  article,  which  was  entirely  independent  of 
the  imaginary  symbol  here  called  h,  and  employed  only  real 
quaternions. 

12.  It  may  be  regarded  as  still  more  remarkable,  that  the 
same  real  results  are  obtained,  when  we  combine  a  real  root  with 
an  imaginary  one,  instead  of  combining  two  real  roots  or  t^vo 
imaginaiT  ones.  Thus  the  quadratic*  equation  (15)  has  one 
root,  namely  k,  which  must  be  considered  as  real  in  this  theory, 
whether  by  contrast  to  the  symbol  h  (or  to  the  old  imaginary  of 
algebra;,  or  because  in  the  geometrical  interpretation  it  is  con- 
structed by  a  real  line,  namely  by  the  chord  ce  drawn  to  the 
point  of  contact  e  of  the  spheric  surface  (8)  with  the  right  line 
(9),  under  the  condition  (13) ;  a  and  ^  being  then  for  conve- 
nience replaced,  as  in  art.  5,  by  the  more  special  symbols  i — k 
and  J.  Now  if  we  adopt  this  real  root  k  as  the  value  of  u',  but 
retain  the  second  of  the  two  imaginary  or  biquaternion  roots 
(17),  as  being  still  tlie  expression  for  u",  the  numerators  of  the 
formula  (21)  will  remain  unchanged,  but  the  denominators  will 
be  altered ;  and  instead  of  (25)  we  shall  have  this  other  formula, 

*  An  equation  of  the  nth  dimension  in  quaternions  has  generally  n*  roots, 
real  or  imaginary ;  because  it  may  be  generally  resolved  into  a  system  of 
four  ordinary  and  algebraical  equations,  \vhich  are  each  of  the  nth  degree. 
However,  it  is  shown  in  my  Lectures  that  for  the  particular  form  (3), 
n-  +  Ha=i  (or  q-^qa  +  b),  which  occurs  in  the  present  investigation,  o«/y 
six  (out  of  the  sixteen)  roots  are  finite ;  and  that  of  these  six,  tico  are  gene- 
rally real,  and/o«r  imayinary.  In  the  particular  case  of  the  equation  (15), 
k  is  by  this  theory  a  quadruple  root,  representing  at  once  two  real  and  two 
imaginary  solutio's  which  have  all  become  equal  to  each  other,  by  the 
vanishing  of  certain  radicals.  Thus  there  remain  in  this  case  only  three 
distinct  i-oots  of  the  quadratic  (15),  namely  the  one  real  root  k,  and  the  two 
imaginary  roots  (17) :  ami  what  ajipears  to  me  remarkable  in  the  analysis 
of  the  i)resent  article  12,  although  otherwise  exemplified  in  mv  Lectures, 
is  the  mixture  of  these  two  classes  of  solution  of  an  equation  in  quaternions, 
a  root  of  one  kind  being  combined  with  a  root  of  the  other  kind,  so  as  to 
conduct  to  a  correct  determination  of  the  value  of  a  certain  continued  frac- 
tion, regarded  as  a  real  quaternion,  which  admits  (as  in  art.  (>)  of  being 
geometrically  interpreted. 
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u^  +  i-hil-j)  ^  /^'(a_^-AbJ  ^      ^     ^     _     ^gg. 
u^—k  k^{uQ—k) 

with  the  siguifications  (26)  or  (27)  of  a^,,  b^,,  aud  therefore  with 
the  relations  (34)  (35).     Observing  that 

A2»=(_l)"  =  A-2«, (40) 

we  fmd  that  the  formula  (39),  by  comparing  separately  the  real 
and  imaginary  parts,  in  the  two  cases  of  a:  even  and  w  odd,  gives 
these  four  others,  not  involving  the  symbol  h : 

^2w  +  l  +^ B2n  +  1       ,  ^      J       ^2n+\     ,  (4,9,\ 

^2n  +  l — ^        "■(^0 — "■)        ^2n+l  —  "■         "-(^0 —    / 

of  which  the  consistency  with  (28)  is  evident,  and  which  are 
found  to  agree  in  all  other  respects  with  conclusions  othei'wise 
obtained.  Thus  all  these  different  processes  of  calculation  con- 
duct to  consistent  and  interpretable  results,  although  the  method 
of  the  present  article  appears  to  depart  even  more  than  those  of 
former  ones  from  the  ordinary  analogies  of  algebra. 

Observatoiy  of  T.  C.  D. 
March  17,  1853. 

[To  be  continued.] 

LII.   On  the  Subjedivitij  of  certain  Classes  in  Ethnology. 
By  R.  G.  Latham,  M.D.* 

TO  the  investigator  who  believes  in  the  unity  of  the  human 
species,  whether  he  be  a  proper  ethnologist,  or  a  zoologist 
in  the  more  current  signification  of  the  terui,  the  phsenomena 
exhibited  by  the  numerous  families  of  mankind  supply  nine- 
tenths  of  the  data  for  that  part  of  natural  history  which  deals 
with  varieties  as  subordinate  to,  and  as  different  from,  species. 
The  histoiy  of  domestic  animals  in  comprehensiveness  and  com- 
plexity yields  to  the  history  of  the  domesticator.  Compare  upon 
this  point  such  a  work  as  Cuvier's  on  the  Races  of  Dogs,  with  Dr. 
Prichard^s  Natural  History  of  Man.  The  mere  difference  in  bulk 
of  volume  is  a  rough  measure  of  the  difference  in  the  magnitude  of 
the  subjects.  Even  if  the  dog  were  as  ubiquitous  as  man,  and  con- 
sequently as  much  exposed  to  the  influence  of  latitude  and  altitude, 
there  would  still  be  wanting  to  the  evolution  of  canine  varieties 
the  manifold  and  multiform  influences  of  civilization.  The  name 
of  these  is  legion ;  whilst  the  extent  to  which  they  rival  the  more 
material  agencies  of  climate  and  nutrition  is  getting,  day  by  day, 

*  Communicated  by  the  Author. 
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more  generally  admitted  by  the  best  and  most  competent  in- 
quirers. Forms  as  extreme  as  any  that  can  be  found  within 
the  pale  of  the  same  species  are  to  be  found  within  that  of  the 
species  Homo.  Transitions  as  gradual  as  those  between  any 
varieties  elsewhere  are  also  to  be  found.  In  summing  up  the 
value  of  the  data  supplied  by  man  towards  the  natural  history  of 
varieties,  it  may  be  said  that  they  are  those  of  a  species  which  has 
its  geographical  distribution  eveiywhere,  and  a  moral  as  well  as 
a  physical  series  of  characteristics.  Surely  if  the  question  under 
notice  be  a  question  that  must  be  studied  inductively,  Man  gives 
us  the  field  for  our  induction. 

Before  I  come  to  the  special  point  of  the  present  notice,  and 
to  the  explanation  of  its  somewhat  enigmatical  heading,  I  must 
further  define  the  sort  of  doctrine  embodied  in  what  I  have  called 
the  belief  of  the  unity  of  our  species.  I  do  not  call  the  upholder 
of  the  developmental' doctrine  a  believer  of  this  kind.  His  views 
— whether  right  or  wrong — are  at  variance  with  the  current 
ideas  attached  to  the  word  species.  Neither  do  I  identify  with  the 
recognition  of  single  species  the  hypothesis  of  a  multiphcity  of 
protoplasts,  so  long  as  they  are  distributed  over  several  geogra- 
phical centres.  The  essential  element  to  the  idea  of  a  single 
species  is  a  single  geographical  centre.  For  this,  the  simplest 
form  of  the  protoplast  community  is  a  single  pair. 

All  this  is  mere  definition  and  illustration.  The  doctrine 
itself  may  be  either  right  or  wrong.  I  pass  no  opinion  upon 
it.  I  assume  it  for  the  present ;  since  I  wish  to  criticize  certain 
terms  and  doctrines  which  have  grown  up  under  the  belief  in  it, 
and  to  show,  that,  from  one  point  of  view,  they  are  faulty,  from 
another  legitimate. 

It  will  simplify  the  question  if  we  lay  out  of  our  account  alto- 
gether the  islands  of  the  earth^s  surface,  limiting  om-selves  to 
the  populations  of  the  continent.  Here  the  area  is  continuous, 
and  we  cannot  but  suppose  the  stream  of  population  by  which 
its  several  portions  were  occupied  to  have  been  continuous  also. 
In  this  case  a  population  sj)reads  from  a  centre  like  circles  on  a 
still  piece  of  water.  Now,  if  so,  all  changes  must  have  been 
gradual,  and  all  extreme  forms  must  have  passed  into  each  other 
by  means  of  a  series  of  traditional  ones. 

It  is  clear  that  such  forms,  when  submitted  to  arrangement 
and  classification,  will  not  come  out  in  any  definite  and  well- 
marked  grou})S,  like  the  groups  that  constitute  what  is  currently 
called  species.  On  the  contrary,  they  will  run  into  each  other, 
with  equivocal  points  of  contact,  and  indistinct  hues  of  demar- 
cation ;  so  that  discrimination  will  be  difficult,  if  not  impracti- 
cable. If  practicable,  however,  it  will  be  effected  by  having  recourse 
to  certain  typical  fonns,  around  which  such  as  approximate  most 
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closely  can  most  accurately  and  conveniently  be  grouped.  When 
this  is  done,  the  more  distant  outliers  will  be  distributed  over 
the  debateable  ground  of  an  equivocal  frontier.  To  recapitulate  : 
varieties  as  opposed  to  species  imply  transitional  forms,  whilst 
transitional  forms  preclude  delinite  lines  of  demarcation. 

Yet  what  is  the  actual  classitication  of  the  varieties  of  man- 
kind, and  what  is  the  current  nomenclature?  To  say  the  least,  it  is 
very  like  that  of  the  species  of  a  genus.  Blumenbach^s  Mon- 
golian, Blumenbach's  Caucasian,  Blumenbach's  /Ethiopian, — 
where  do  we  find  the  patent  evidence  that  these  are  the  names  of 
varieties  rather  than  species  ?  Nowhere.  The  practical  proof  of 
a  clear  consciousness  on  the  part  of  a  writer  that  he  is  classifying 
varieties  rather  than  species,  is  the  care  he  takes  to  guard  his 
reader  against  mistaking  the  one  for  the  other,  and  the  attention 
he  bestows  on  the  transition  from  one  type  to  another.  Who 
has  ever  spent  much  ethnology  on  this  ?  So  far  from  learned 
men  having  done  this,  they  have  introduced  a  new  and  lax  term 
— race.  This  means  something  which  is  neither  a  variety  nor 
yet  a  species — a  tertium  quid.  In  what  way  it  differs  from  the 
other  denominations  has  yet  to  be  shown. 

Now  if  it  be  believed  (and  this  belief  is  assumed)  that  the 
varieties  of  mankind  are  varieties  of  a  species  only,  and  if  it  can- 
not be  denied  that  the  nomenclature  and  classification  of  ethno- 
logists is  the  nomenclature  and  classification  of  men  investigating 
the  species  of  a  genus,  what  is  to  be  done  ?  Are  species  to  be  ad- 
mitted, or  is  the  nomenclature  to  be  abandoned  ?  The  present 
remarks  are  made  with  the  view  of  showing  that  the  adoption  of 
either  alternative  would  be  inconsiderate,  and  that  the  existing 
nomenclature,  even  when  founded  upon  the  assumption  of  broad 
and  trenchant  lines  of  demarcation  between  varieties  which  {ex 
vi  termini)  ought  to  graduate  into  each  other,  is  far  from  being 
indefensible. 

^lan  conquers  man,  and  occupant  displaces  occupant  on  the 
earth^s  surface.  By  this  means  forms  and  varieties  which  once 
existed  become  extinct.  The  more  this  extinction  takes  place, 
the  greater  is  the  obliteration  of  those  transitional  and  interme- 
diate forms  which  connect  extreme  types ;  and  the  greater  this 
obliteration,  the  stronger  the  lines  of  demarcation  between  geo- 
gi'aphically  contiguous  families.  Hence  a  variational  modification 
of  a  group  of  individuals  simulates  a  difference  of  species ;  forms 
which  were  once  wide  apart  being  brought  into  juxtaposition  by 
means  of  the  annihilation  of  the  intervening  transitions.  Hence 
what  we  of  the  nineteenth  century, — ethnologists,  politicians, 
naturalists,  and  the  like — behold  in  the  way  of  groups,  classes, 
tribes,  families,  or  what  not,  is  beholden  to  a  great  extent  under 
the  guise  of  species ;  although  they  may  not  be  so  in  reality. 
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and  although  they  might  not  have  been  so  had  we  been  wit- 
nesses to  that  carher  condition  of  things  when  one  variety  gra- 
duated into  another  and  the  integrity  of  the  chain  of  likeness 
was  iatact.  This  explains  the  term  subjectivity.  A  group  is 
sharply  defined  simply  because  we  know  it  in  its  state  of  defini- 
tude ;  a  state  of  definitude  which  has  been  brought  about  by 
displacement  and  obliteration  of  transitional  forms. 

The  geographical  distribution  of  the  different  ethnological 
divisions  supplies  a  full  and  sufficient  confirmation  of  this  view. 
I  say  "  full  and  sufficient/^  because  it  cannot  be  said  that  all  our 
groups  are  subjective^  all  brought  about  by  displacement  and 
obliteration.  Some  are  due  to  simple  isolation ;  and  this  is  the 
reason  why  the  question  was  simplified  by  the  omission  of  all 
the  insular  populations.  As  a  general  rule,  however,  the  more 
definite  the  class,  the  greater  the  displacement ;  displacement 
which  we  sometimes  know  to  have  taken  place  on  historical  evi- 
dence, and  dis])lacement  which  we  sometimes  have  to  infer.  In 
thus  inferring  it,  the  language  is  the  chief  test.  The  greater 
the  area  over  which  it  is  spoken  with  but  little  or  no  variation 
of  dialect,  the  more  recent  the  extension  of  the  population  that 
speak  it.     Such,  at  least,  is  the  prima  facie  view. 

A  brief  sketch  of  the  chief  details  that  thus  verify  the  position 
of  the  text  is  all  that  can  now  be  given. 

1.  The  populations  of  South-eastern  Asia,  Mongol  in  phy- 
siognomy and  monosyllabic  in  speech,  have  always  been  con- 
sidered to  form  a  large  and  natural,  though  not  always  a  pri- 
mary, group.  Two-thirds  of  its  area,  and  the  whole  of  its 
frontier  north  of  the  Himalayas,  is  formed  by  the  Chinese  and 
Tibetans  alone.  These  differ  considerably  from  each  other,  but 
more  from  the  Turks,  Mongols,  and  Tongusians  around.  In 
the  mountainous  parts  of  the  Assam  frontier  and  the  Burmese 
empire,  each  valley  has  its  separate  dialect.  Yet  these  graduate 
into  each  other. 

2.  Central  Asia  and  Siberia  are  occupied  by  four  great  groups, 
the  populations  allied  to  the  Turk,  the  populations  allied  to  the 
Mongol,  the  populations  allied  to  the  ^lantshu,  and  the  popula- 
tions allied  to  the  Finns.  These  are  pretty  definitely  distinguished 
from  each  other,  as  well  as  from  the  Chinese  and  Tibetans. 
Each  covers  a  vast  area,  an  area,  which,  cither  from  history  or 
inference,  we  are  certain  is  far  wider  at  present  than  it  was  ori- 
ginally. They  have  encroached  on  each,  and  on  the  jjopulations 
around,  till  they  meet  with  families  equally  encroaching  in  the 
direction  of  China  and  Tibet.  This  it  is  that  makes  the  families 
which  are  called  Turanian  and  Monosyllabic  natural  groups. 
They  are  cut  off,  more  or  less,  from  each  other  and  from  other 
populations  by  the  displacement  of  groups  originally  more  or 
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less  transitional.  The  typical  populations  of  the  centre  spread 
them  at  the  expense  of  the  sub-typicals  of  the  periphery  until 
the  extremes  meet. 

3.  The  circumpolar  populations  supply  similar  illustrations. 
Beginning  with  Scandinavia,  the  Lap  stands  in  remarkable  con- 
trast with  the  Norwegian  of  Norway,  and  the  Swede  of  Sweden. 
Why  is  this  ?  Because  the  Northman  represents  a  population 
originally  Gcnnan, — a  population  which,  however  much  it  may 
have  graduated  into  the  type  of  the  most  southern  congeners  of 
the  Lap,  is  now  brought  into  contact  with  a  veiy  different  mem^ 
ber  of  that  stock. 

4.  This  phfenomenon  repeats  itself  in  the  arctic  portions  of 
America,  where  the  Algonkin  and  Loucheux  Indians  (Indians  of 
the  true  American  type)  come  in  geographical  contact,  and  in 
physiological  contrast,  with  the  Eskimo.  Consequently  along 
the  Loucheux  and  Algonkin  frontiers  the  line  of  demarcation 
between  the  Eskimo  and  the  Red  Indian  (currently  so-called)  is 
abrupt  and  trenchant.  Elsewhere,  as  along  the  coast  of  the 
Pacific,  the  two  classes  of  population  graduate  into  each  other. 

5.  The  African  family  is  eminently  isolated.  It  is,  however, 
just  along  the  point  of  contact  between  Africa  and  Asia  that  the 
displacements  have  been  at  a  maximum.  The  three  vast  families 
of  the  Berbers,  the  Arabs  and  the  Persians,  cannot  but  have 
obliterated  something  (perhaps  mucJi)  in  the  way  of  transition. 

6.  The  Bushmen  and  Hottentots  are  other  instances  of  ex- 
treme contrast,  i.  e.  when  compared  with  the  Amakosah  Caffres. 
Yet  the  contrast  is  only  at  its  height  in  those  parts  where  the 
proof  of  Caffre  encroachment  is  clearest.  In  the  parts  east  of 
Wallfisch  Bay — traversed  by  Mr.  Galton — the  lines  of  differ- 
ence are  much  less  striking. 

Such  are  some  of  the  instances  that  illustrate  what  may  be 
called  the  "  subjectivity  of  ethnological  groups," — a  term  which 
greatly  helps  to  reconcile  two  apparently  conflicting  habits,  viz. 
that  of  thinking  with  the  advocates  of  the  unity  of  the  human 
species,  and  employing  the  nomenclature  of  their  opponents. 


LIII.  On  a  New  Test  for  Nitric  Acid  and  the  Nitrates.  Bij 
Edmund  "William  Davy,  A.B.,  M.B.,  T.C.D.,  Lecturer  on 
Chemistry  in  the  Carmichael  School  of  Medicine,  ^c,  Dublin*. 

THE  want  of  a  simple  and  satisfactoiy  test  for  minute  quan- 
tities of  nitric  acid  and  its  salts  has  long  been  felt  by  those 
engaged  in  chemical  research ;  for  though  a  number  of  methods, 
more  or  less  delicate,  have  from  time  to  time  been  proposed, 
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most  of  them  are  objectionable,  being  inconclusive  if  taken  alone, 
inapplicable  in  many  cases,  or  requiring  the  aid  of  expensive 
alkaloids  not  easily  procured.  The  test  I  propose  appears  to 
me  to  be  fi-ee  from  those  objections,  and  accomplishes  its  object 
with  considerable  facility ;  it  depends  on  the  formation  of  that 
interesting  class  of  salts  lately  discovered  by  Dr.  Playfair,  the 
Nitropi'v^sides,  and  the  beautiful  and  characteristic  effect  produced 
on  them  by  an  alkaline  sulphuret.  I  have  found  that  the  nitro- 
prussides  may  be  formed  (under  certain  circumstances)  when 
only  very  minute  quantities  of  nitric  acid  or  its  salts  are  present. 
The  method  I  adopt  is  as  follows  : — To  the  solid  or  liquid  sup- 
posed to  contain  nitric  acid,  in  its  free  or  combined  state,  add  a 
few  drops  of  a  strong  aqueous  solution  of  ferrocyanide  of  potas- 
sium (yellow  prussiate  of  potash),  then  some  pure  muriatic  acid, 
mixing  the  ingredients  well  together  both  before  and  after  the 
addition  of  the  acid,  and  gradually  raise  the  temperature  of  the 
mixture  to  about  160^  Fahr.,  or  in  some  cases  it  may  be  neces- 
sary to  raise  it  a  little  higher;  let  it  cool,  and  then  neutralize 
with  carbonate  of  soda  or  potash,  a  slight  excess  of  either  being 
of  no  consequence.  Filter  if  there  is  mvich  precipitate,  and 
finally  add  to  the  fluid  a  drop  or  two  of  a  solution  of  either  sul- 
phuret of  ammonium,  sodium  or  potassium,  when  if  nitric  acid 
were  present,  a  fine  purple  or  violet  colour  will  be  produced, 
which,  however,  is  not  permanent,  but  soon  disappears.  In  using 
this  test  certain  precautions  are  necessaiy,  viz.  1st,  much  dilu- 
tion of  the  materials  must  be  avoided,  as  the  acid  is  required  to 
be  tolerably  strong  to  produce  the  necessary  reaction.  The 
muriatic  acid  I  have  used  is  of  spec.  grav.  1*15 ;  if  a  much 
weaker  acid  be  employed,  the  results  will  not  be  satisfactory. 
2nd.  If  the  nitric  acid  or  nitrate  be  in  very  minute  quantity,  the 
mixture  of  it  with  the  ferrocyanide  and  acid  (already  referred  to) 
should  be  allowed  to  cool  to  the  ordinary  temperature  before  the 
alkaline  carbonate  is  added ;  much  excess  of  this  last  substance 
should  be  avoided,  as  at  a  temperature  of  about  100°  it  begins  to 
decompose  the  nitroprusside,  on  the  formation  of  which  the  test 
depends. 

In  proof  of  the  delicacy  of  this  test,  I  may  remark  I  have  de- 
tected by  its  means  the  nitric  acid  in  the  one  two-hundredth 
part  of  a  grain  of  nitre ;  and  with  one  hundredth  part  of  a  grain 
the  effect  is  veiy  striking.  Its  efficacy,  too,  seems  scarcely 
im])aired  by  the  presence  of  a  number  of  substances,  whether  of 
mineral,  vegetable,  or  animal  origin,  as  by  it  I  readily  detected 
the  presence  of  nitric  acid  in  mortars  taken  from  old  buildings ; 
also  where  that  acid  or  its  salts  were  added  in  small  quantity  to 
soils,  sulphuric  and  muriatic  acid,  tea,  porter,  milk,  &c. 

I  may  further  add,  that  there  is  generally  a  striking  difference 
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between  the  cases  wliere  no  nitric  acid  is  present^  and  where  it 
occiu's,  when  the  substance  is  heated  with  muriatic  acid  and 
the  ferrocyanide.  "When  nitric  acid  is  not  })resent,  the  mixture 
quickly  becomes  of  a  bhie  colour ;  but  where  that  acid  exists,  it 
first  becomes  of  a  yellowish-green,  then  of  an  olive  or  dark  brown ; 
but  these  indications  alone  are  not  sufficient  to  prove  the  pre- 
sence  or  absence  of  nitric  acid,  until  afterwards  confirmed  by  the 
action  of  an  alkaline  sulphuret.  In  heating  the  mixture,  the 
temperatm'e  stated  should  be  maintained  for  a  few  moments  till 
it  ceases  to  acquire  a  darker  shade,  thereby  indicating  that  all 
the  nitroprusside  is  formed. 

Sulphuric  acid  may  be  substituted  for  muriatic  in  using  this 
test;  but  I  prefer  the  latter,  as  being  more  easily  procured 
pure,  and  as  strong  sulphuiic  acid  aided  by  heat  Avill  decompose 
the  nitroprussides. 

This  test  may  also  admit  of  application  to  nitrous  acid  and 
the  nitrites ;  but  as  those  compounds  are  comparatively  unim- 
portant, I  will  not  now  enter  on  this  subject. 


LIV.   On  a  proposed  Test  of  the  Necessity  of  Indirect  Proof  in 
Geometrical  Demonstrations,    ivith    Remarks    on    Methods    of 
Demonstration.     By  James  Adamsox,  D.D. 
[Continued  from  p.  299.] 

IT  does  not  seem  difficult  to  discover  a  characteristic  capable 
of  determining  what  are  the  character,  relation,  and  effect 
of  truths  of  different  orders  employed  in  reasoning.  All  truths 
so  employed,  in  a  definite  series  of  arguments,  are  separable  into 
two  divisions,  according  as  they  are,  or  are  not,  primarily  made 
use  of  as  hypotheses.  We  are  perfectly  sure  that  that  proposi- 
tion is  essential,  which  is  either  singly  modified  to  become  a  con- 
clusion, or  which  is  combined  v,-ith  something  else  to  constitute 
a  conclusion.  Any  other  truths  expressible  in  general  terms, 
can  be  introduced  only  to  facilitate  the  transition  from  the  one 
foi-m  of  statement,  or  the  hypothesis,  to  the  other  form  or  con- 
clusion. They  therefore  are  auxiliary  only,  and  the  emploj'ment 
of  them  indindually  will  be  contingent  on  the  form  of  argument 
which  may  be  adopted. 

Names  em})]oyed  to  designate  such  orders  of  truths  ought  to 
classify  distinctly  things  so  different.  No  truth  of  the  essential 
or  hypothesis  class  should  rank  among  those  of  the  individually 
non-essential,  or  auxiliaiy  class.  The  distinction  does  not  rest 
on  a  proposition  being  more  or  less  certaiii,  or  more  or  less  ob- 
\-ious,  but  on  their  well-defined  dissimilarity  in  use  and  value. 
This  is  dependent  on  a  difference  in  generality  of  character ;  for 
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that  which  is  only  auxiliary  in  one  science,  may  be  auxiliary  in 
others  also.  Axiom  is  the  title  for  such  auxiliary  truths,  and  it 
ought  to  be  restricted  to  them  alone. 

With  a  correct  nomenclature,  therefore,  the  question  whether 
axioms  in  geometry  are  essential  as  the  foundations  of  its  theo- 
rems, is  easily  settled.  They  enter  into  no  hypothesis,  and  are 
therefore  not  essential,  but  arc  auxiliary  only.  The  relations 
expressed  by  them  necessarily  occur,  but  the  expressions  of  them 
in  general  terms,  which  make  them  to  be  axioms,  are  non-essen- 
tial. In  fact  those  truths  to  which  the  name  is  generally  ap- 
plied, are  corollaries  from  definitions  of  general  terms.  Their 
existence  as  axioms  depends  therefore  on  the  existence  of  such 
general  terms.  There  are  tongues  in  Avhich  these  are  scanty. 
There  may  be  tongues  in  which  there  are  no  such  words  as  equal, 
ivhole,  part,  &c.,  and  yet  thought  would  follow  its  laws  of  ana- 
lysis or  proof;  and  demonstrations,  though  less  or  more  cum- 
brous, would  be  as  strict  and  as  conclusive  as  they  are  in  lan- 
guages more  prolific  in  terms. 

Their  auxiliary  character,  and  their  exclusion  from  being  hy- 
potheses, ought  to  be  the  only  circumstances  determining  the 
character  of  axioms.  To  describe  them  as  being  "  self-evi- 
dent truths,"  is  indefinite,  and  useless.  A\Tiether  their  truth  be 
more  or  less  easily  perceived,  depends  not  on  their  character, 
but  on  the  mind,  and  on  its  consciousness  of  the  signification  of 
tenns.  Controversies,  therefore,  as  to  whether  one  proposition 
assumed  to  be  an  axiom  be  more  or  less  clearly  evident  than  an- 
other, are  futile.  All  truths  of  this  auxiliaiy  character  have  a 
common  nature,  and  deserve  a  common  name.  This  common 
nature  is  most  fitly  indicated  by  the  term  axiomic.  The  propo- 
sition that  "  half  the  sum  added  to  half  the  diflbrence  makes  the 
greater  of  two  magnitudes,"  does  not  differ  in  kind  from  this 
other — that  "  if  equals  be  added  to  equals  the  sums  are  equal." 
With  these  also  the  following  are  identical  in  kind,  notwith- 
standing their  greater  complexity — "  If  there  be  three  magni- 
tudes such  that  any  two  are  together  greater  than  the  third,  then 
half  the  sum  of  the  three  is  greater  than  any  one  of  them," — 
or  "  if,  in  a  series  of  continued  proportionals,  any  term  is  equal 
to  the  difference  of  the  two  which  precede  it,  then  also  any  term 
is  equal  to  the  sum  of  the  two  which  follow  it : "  and  so  in  re- 
gard to  multitudes  of  others.  All  are  of  the  same  order,  and 
ought  to  come  under  the  same  name. 

It  is  evident  that  whatever  may  be  the  subject  of  a  science, 
truths  of  this  class  maij  become  auxiliary  in  reasonings  relating 
to  these  subjects.  They  are  therefore  not  concrete,  but  abstract. 
Hence  axioms  in  geometry  are  algebraic  truths,  or  are  true  of 
any  concrete  magnitudes,  as  space,  force,  money,  sound,  &c. 
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Nothing  purely  geometric  can  enter  among  them.  Axioms  in 
fact  may  be  either  corollaries  or  theorems.  In  the  former  case, 
they  may  need  no  demonstration^  or  may  be  termed  self-evident ; 
in  the  latter  case,  they  may,  in  some  instances,  to  some  minds, 
and  in  some  instances,  to  all  minds,  require  demonstration ;  but 
this  does  not  affect  their  essential  nature,  nor  the  relations  they 
bear  to  the  subjects  of  specific  sciences. 

Everything,  except  their  application,  ought  to  be  eliminated 
from  the  reasonings  of  specific  sciences;  and  if  requiring  de- 
monstration, they  should  be  treated  symbolically,  or  algebraic- 
ally. Geometry  therefore  has  not  assumed  its  projier  logical 
form  until  we  have  relieved  its  demonstrations  from  all  those 
portions  of  them  which  constitute  reasonings  applicable  not 
purely  to  geometric,  but  abstractly  to  all  modes  of  magnitude. 
These  steps  in  reasoning  should  be  provided  for  by  axiomic  theo- 
rems, just  as  they  would  be  in  sciences  relating  to  force,  money, 
sound,  &c.  This  would  contribute  greatly  to  clearness  and  ele- 
gance in  demonstration.  No  finer  instance  of  such  effects  can 
perhaps  be  found  than  in  the  applications  of  Euclid^s  criterion  of 
proportionality,  which,  under  a  general  law,  makes  relations  of 
number  or  of  quotient,  in  regard  to  all  kinds  of  quantity,  to  be 
deducible  from  relations  of  excess  or  difference.  Thus  the  same 
rule  is  applicable  to  every  mode  of  geometrical  magnitude.  An 
interesting  example  may  perhaps  be  found  also,  in  the  use  of  the 
following  theorem  and  its  converse.  If  A :  B  =  C  :  D ;  then 
A2:A2-B2  =  A2-C2:(A±D)2-(B±C)^  whence  (A  +  D)^- 
(B  +  C)2=  (A— D)2  — (B  — C)2.  If  we  employ  opposite  terms  to 
indicate  the  extremes  and  means  of  a  proportion,  then  by  using 
that  word  along  with  the  others  adjacent  and  alternate,  we  can 
exhibit  these  results  in  various  very  beautifully  symmetrical  forms 
of  expression.  From  the  relation  between  the  ordinates  to  the  axis 
and  the  segments  of  the  axis,  in  conic  sections,  we  deduce  in- 
stantly by  the  above  theorem  or  its  results,  the  conclusions,  that 
the  ratio  of  the  distances  from  a  point  in  the  curve  to  the  focus 
and  to  the  directrix  is  constant ;  and  that  the  sum  or  the  dif- 
ference of  the  lines  to  the  foci  is  constant.  The  complex  pro- 
portions generally  used  for  these  purposes,  may  be  considered  as 
replaced  by  the  steps  of  reasoning  in  the  theorem ;  which  are 
obvious. 

Since  axioms  ought  not  to  mtroduce  hypotheses,  we  see  at 
once  what  is  the  real  place  and  office  of  geometrical  definitions. 
In  fact,  as  men  do  in  all  other  sciences,  and  as  they  generally 
endeavour,  though  sometimes  unconsciously,  to  do  in  geometry, 
definitions  must  be  made  the  foundation  of  all  conclusions.  Pro- 
perties of  objects  are  necessarily  derived  from  their  nature,  either 
when  assumed  for  consideration  individually,  or  in  combination. 
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Postulates  are  therefore  inadmissible,  except  they  be  of  such  a 
character  as  determines  the  whole  processes  of  the  science;  such 
as,  that  things  defined  or  ])rovcd  may  be  exemplified,  or  that  ob- 
jects may  be  conceived  to  be  superimposed,  &c.  Any  proper- 
tics  becoming  the  foundation  of  argument  must  belong  to  the 
nature  of  the  things  argued  about,  and  must  be  found  in  defini- 
tions, or  in  conclusions  from  them. 

A  definition  ought  to  express  a  single  property  of  the  thing 
defined.  To  object  to  a  definition  that  it  contains  something 
which  may  be  proved,  is  futile ;  for  any  property  may  become  a 
conclusion,  if  some  other  be  assumed  as  the  hypothesis.  But  a 
definition  must  not  contain  both  a  hypothesis  and  a  conclusion, 
as  is  the  case  with  some  proposed  definitions  of  parallelism,  such 
as,  their  equidistance  at  indefinite  points,  or  their  common  incli- 
nation to  indefinite  straight  lines. 

Things  ought  to  be  considered  in  the  first  instance  individu- 
ally, and  as  they  arc  in  themselves,  without  involving  them  in 
combinations.  Common  sense  or  sound  logic,  therefore,  requires 
that  when,  in  constructing  definitions,  we  find  more  properties 
than  one  of  an  object  offered  to  our  choice,  we  should  prefer 
that  which,  assumed  as  a  hypothesis,  affords  the  shortest  and 
clearest  arguments.  Thus  there  are  three  properties  character- 
izing straightness  of  line.  Now  if  we  assume  as  the  defining 
property  minimum  distance,  expressed  in  the  formula  "  shorter 
than  any  other  between  two  points,"  we  establish  at  once,-— 
1st,  the  property  of  sin_^/e«ess ;  2nd,  that  of  coincidence.  \\'e 
cannot  attain  the  same  result,  of  thus  instantly  proving  all,  if 
we  assume  either  of  the  others  as  the  definition. 

When  the  hypothesis  of  a  proposition  is  single,  it  can  have 
but  one  converse  statement.  Such  propositions  ought  perhaps 
to  be  termed  corollaries.  A  normal  theorem  is  a  proposition  in 
which  the  hypothesis  is  twofold.  Its  demonstration  is  the  lo- 
gical combination  of  these  twc  truths.  There  are  therefore  three 
truths  so  related,  that  two  being  assumed  as  hypothesis,  the  other 
follows  as  conclusion.  Hence  such  a  theorem  has  two  converse 
forms.  Now  it  is  obvious  that  when  the  hypothesis  annoimced 
is,  strictly  and  solely,  that  which  is  used  in  the  argument,  and 
the  conclusion  announced  is,  strictly  and  solely,  that  which  is 
gained  by  the  combination,  all  converses  are  necessarily  true. 
All  apparent  exceptions  to  this  arise  from  incorrect  statements 
of  hypotheses,  or  of  conclusions.  This  logical  position  may 
therefore  legitimately  be  assumed  as  rendering  the  demonstra- 
tion of  converses  unnecessary.  Nevertheless  the  proof  of  a  con- 
verse is  always  to  be  sought  for,  as  completing  the  train  of  ar- 
gument and  determining  the  real  nature  of  the  hypothesis  and 
conclusion,  as  they  are  involved  in  the  argument. 
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The  use  of  a  converse  statement  is  very  important.  It  becomes 
a  criterion  of  the  presence  or  existence  in  given  cirenmstances  of 
the  property  announced  as  the  original  hypothesis,  or,  which  is 
the  same  tiling,  it  shows  that  either  property  is  found  where  the 
other  is,  and  nowhere  else.  If  in  a  series  of  theorems  converses 
follow  in  immediate  sequence^  those  to  w4iich  they  hear  this  re- 
lation, their  demonstrations  will  generally  be  indirect.  Their 
anterion  character  renders  this  advisable,  even  where  by  means 
of  preparatory  theorems  it  might  be  avoided.  In  deducing  con- 
clusions from  definitions,  at  the  commencement  of  a  series  of 
arguments,  the  mind's  process  is  ultimately  the  dismissal  of  an 
alternative,  or  is  primarily  indirect ;  ex.  gr.  if  angles  are  equal 
their  constituents  will  coincide;  for  if  not,  there  is  a  contradic- 
tion. Evoking  a  contradiction  will  always  be  found  to  be  the 
seal  of  certainty  on  the  mind's  convictions,  for  certainty  is  the 
impossibility  of  disbelieving. 

Oppositeness  of  conditions  must  necessarily  be  distinguished 
from  converseness  of  statement.  Where  such  opposition  gives 
origin  to  two  theorems,  each  may  have  its  converse,  and  all  may 
require  demonstration. 

This  is  exemplified  when  we  have  equality  among  constituents 
in  the  hypothesis  leading  to  equality  among  other  constituents 
in  the  conclusion,  combined  with  a  definite  relation  of  inequality 
in  the  data  leading  to  a  similar  relation  in  the  conclusion.  Such 
cases  we  have  in  the  relations  of  the  sides  and  angles  of  different 
forms  of  triangle. 

If,  however,  the  relations  of  inequality  arc  indefinite,  though 
there  may  be  four  statements,  two  demonstrations  only  are 
needful.  Take  for  instance  the  direct  affirmative  :  "Rectangular 
parallelograms  have  equal  diagonals ;  "  to  that  w^e  may  have  the 
direct  negative  ;  "  Non-rectangular  parallelograms  have  unequal 
diagonals,"  without  determining  the  inequality.  There  will  be, 
of  course,  a  converse  affirmative,  and  a  converse  negative.  Now 
we  shall  find  that  if  we  demonstrate  any  two  which  are  either 
converse  to  each  other,  or  which  are  both  direct,  or  both  con- 
verse, affording  four  possible  combinations,  we  shall  have  ample 
criteria,  from  any  one  of  these  dualisms,  to  determine  all  cases ; 
while  the  other  two  possible  arrangements  do  not  serve  that 
pur])0se.  It  is  therefore  sufficient  in  such  instances  to  prove 
the  direct  affirmative  and  its  converse.  This  is  the  proceeding 
which  the  mutual  relation  of  such  truths  always  suggests. 

If  we  assume  as  the  defining  characteristic  of  proportion  that 
property  which  consists  in  the  equality  of  fractions  or  of  quo- 
tients, we  do  not  find  this  criterion  to  be  readily  applicable  to 
geometrical  magnitudes.  Euclid's  criterion,  in  his  definition,  is 
easily  and  elegantly  applicable  to  them,  for  a  reason  already 
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stated.  It  is  therefore  of  importance  that  the  latter  be  derived 
from  the  former  by  rigid  argument.  The  question  being, 
whether  ratios  are  equal  or  not  equal,  there  will  be  four  state- 
ments, by  which  relations  between  the  two  projierties  may  be 
indicated. 

1.  In  regard  to  four  proportionals,  equimultiples  of  alternate 
terms,  when  compared  adjacently,  have  symmetrical  relations  as 
to  magnitude. 

2.  In  I'egard  to  four  non-proportionals,  equimultiples  of  alter- 
nate terms,  when  compared  adjacently,  have  non-symmetrical 
relations  as  to  magnitude. 

3.  Four  magnitudes,  of  which  the  alternate  equimultiples, 
when  compared  adjacently,  have  symmetrical  relations  as  to 
magnitude,  are  proportionals. 

4.  Four  magnitudes,  of  which  the  alternate  equimultiples, 
when  compared  adjacently,  have  non-symmetrical  relations  as  to 
magnitude,  are  not  proportionals. 

Of  these  four  statements,  two  are  enough  to  afford  criteria 
both  of  proportionals  and  of  non-proportionals.  But  to  serve 
this  end,  we  must,  as  has  been  already  stated,  take  either,  two 
which  are  converse  to  each  other,  or  else  those  which  are  both 
affirmative,  or  else  those  which  are  both  negative.  To  take  the 
second  and  third,  or  the  first  and  fourth,  will  not  suit. 

The  character  of  a  definition  is  such,  that  its  direct  and  con- 
verse statements  are  both  applicable.  Hence  Euclid's  criterion 
of  proportion  includes  both  the  first  and  third.  AVhen,  how- 
ever, w6  treat  all  as  theorems  dependent  on  equality  of  fractions, 
the  case  is  different.  If  we  so  treat  the  first  and  foui'th  only, 
we  have  a  test  of  non-proportionals  in  the  fourth,  but  we  have 
no  test  of  proportionals  at  all.  Neither  can  therefore  be  made 
to  suit  the  case — given — the  relation  of  the  equimultiples,  to 
infer — proportionality.  The  first  is  useless  from  the  nature  of 
its  hypothesis,  and  the  last  from  the  nature  of  its  conclusion. 
A  misconception  of  this  matter  has  prevailed  generally,  which  it 
is  as  well  to  remove.  It  is  found  in  Peacock's  Algebra,  vol.  i. 
p.  175  ;  the  demonstration  of  the  fourth  in  that  work,  moreover, 
is  correct  only  for  commensurable  quantities ;  and  the  attempt 
to  remedy  this  will  require  other  provisions,  introducing  greater 
complexity  of  reasoning.  13ut  the  whole  end  is  attained  by 
proving  the  first  and  third,  which  are  converse  to  each  other. 

From  the  equality  of  two  fractions,  to  deduce  the  defining 
property  of  Euclid,  offers  no  difficulty.  The  converse  statement 
may  be  managed  as  follows : — If  there  be  two  homogeneous 
magnitudes  C  and  D,  and  we  take  of  the  latter  any  multiple, 
such  as  wD,  then  may  C  -f  C  -f  C,  &c.  be  so  taken  that  mC  shall  be 
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greater  than  «D ;  but  (??i  — 1)C  shall  be  not  greater  than  nl), 
whether  the  magnitudes  be  commensurable  or  not. 

Again,  if  there  be  two  magnitudes  D  and  F,  and  a  third 
magnitude  C  such  that  when  equimultiples  are  taken  of  D  and 
F  it  is  found  that  no  multiple  of  C  can  exceed  either  of  the 
equimultiples  nY)  or  nY,  without  also  exceeding  the  other,  then 
D  is  equal  to  F.  For  if  either  of  them  as  F  be  the  greater,  or 
F  =  D  +  Q,  then  substituting  D  +  Q  for  F,  and  assuming  n  such 
that  ?tQ  is  greater  than  C,  we  must  have  mG  greater  than 
wD  +  C  when  ?«C  is  greater  than  wD,  whatever  m  may  be ;  or  in 
all  cases  {m  —  \)C  must  be  greater  than  wD  when  rnC  is  greater 
than  nJy,  which  is  absurd.     Hence  these  quantities  are  equal. 

If  wx  now  assume  A,  B,  C,  D,  in  conformity  with  Euclid's 
definition,  as  our  hypothesis,  or  have  mA.  and  mC  such  that  in 
regard  to  wB  and  wD  each  always  exceeds  its  adjacent  multiple, 
when  the  other  exceeds  its  adjacent  multiple,  then  it  is  easy  to 
show  that  A  :  B  =  C  :  D,  in  the  sense  of  the  adjacent  terms 
forming  equal  fractions;  for  if  a  greater  or  smaller  quantity 
were  substituted  for  any  of  them_,  such  as  D,  so  as  to  form  a 
proportion,  then  the  application  of  the  principle  demonstrated 
above  woidd  show  that  this  involved  a  contradiction. 

This  appears  to  be  the  natural  and  proper  mode  of  making 
Euclid's  criterion  to  be  a  consequence  of  the  principle  now 
adopted,  as  discriminating  equality  of  ratios.  It  is  evident  that 
no  other  relation  of  the  multiples  needs  to  be  introduced  into 
the  statement  of  the  principle,  except  that  of  contemporaneous 
excess  in  magnitude ;  and  it  may  therefore  be  expressed  in  the 
simpler  form,  that  if  we  take  equimultiples  of  alternate  magni- 
tudes, and  find  that  the  multiples  of  the  first  and  third  must 
each  exceed  its  adjacent  one,  when  the  other  exceeds  its  adja- 
cent one,  then  these  magnitudes  are  proportionals. 

It  will  be  easily  seen  that  the  effect  of  the  converse  statement 
is,  as  such  ought  always  to  be,  restrictive  or  exclusive.  It  makes 
the  relation  of  the  multiples  to  be  a  test  determining  what  alone 
can  be  proportionals,  and  renders  unnecessary  any  other  criterion 
of  non-proportionals. 

N.B.  I  may  be  in  regard  to  this  subject  allowed  to  suggest 
the  following  statement,  as  a  useful  epitome  of  various  truths : — 
"  In  a  proportion  the  sums  or  the  differences  of  adjacent  terms 
are  as  alternate  terms,  and  the  sums  or  the  differences  of  alter- 
nate terms  are  as  adjacent  terms." 

[To  be  continued.] 


[     339     ] 

LV.   Were  the  Ancient  Egyptians  acquainted  ivith  Nitric  Acid  ? 
By  Thornton  J.  Herapath,  Esq."^ 

IN  the  Supplement  Number  of  the  Philosophical  Magazine 
for  July  last,  my  father  published  a  paper  on  "  Early  Egyp- 
tian Chemistry,"  in  which  he  gave  a  short  account  of  some  expe- 
riments he  had  made  on  certain  hieroglyphical  marks  or  letters 
that  had  been  discovered  on  the  wrappers  of  a  mummy  which  was 
recently  unrolled  by  Mr.  Nash  at  this  Institution ;  and  he  then 
stated  it  was  his  belief  that  the  ancient  Egyptians  were  acquainted 
with  a  marking-fluid  containing  nitrate  of  silver  for  its  basis, 
and  were  also  familiar  with  the  use  of  nitric  acid.  A  short  time 
afterwards,  Mr.  Denham  Smith,  in  a  reply  to  this  letter,  took 
exception  to  my  father's  views  on  the  subject ;  and  whilst  admit- 
ting the  interesting  nature  of  the  discovery  that  had  been  made  of 
an  argentine  solution  having  been  employed  some  three  thousand 
years  ago  as  'marking-ink,'  totally  dissented  from  the  conclusions 
that  had  been  founded  on  it,  inasmuch,  he  said,  as  there  was  no  evi- 
dence to  prove  that  the  Egyptians  were  even  acquainted  with  the 
art  of  distillation.  He  also  hazarded  the  opinion,  unsupported, 
however,  by  direct  evidence,  that  the  marking-fluid  in  question 
was  prepared — if  I  understand  him  aright — by  dissolving  either 
the  chloride  or  oxide  of  silver  in  an  ammoniacal  solution,  and 
consequently  without  the  intervention  of  any  acid  whatever.  As 
the  question  in  dispute  is  one  of  considerable  interest  in  a 
scientific  point  of  view,  I  determined  to  subject  the  marks  to  a 
fresh  examination.  After  making  several  preliminary  experi- 
ments, I  found  that  no  results  of  any  value  could  be  obtained  by 
the  ordinary  modes  of  analysis,  and  was  therefore  compelled,  as 
a  last  resource,  to  call  in  the  assistance  of  the  microscope. 

Upon  examining  some  of  the  fibres  of  the  bandages  that  were 
stained  by  the  argentine  ink,  I  found  them  to  present  a  very 
peculiar  appearance.  The  ends  nearest  the  corroded  parts  of  the 
fabric  were  stained  of  a  deep  brown  or  black ;  but  for  some  little 
distance  beyond  the  blackened  portion  the  fibre  was  coloured  of 
a  pale  yellow  hue,  as  if,  during  the  decomposition  of  the  silver 
salt  that  had  been  employed  as  '  marking-ink,'  the  nitrogenous 
constituents  of  t^e  tissue  had  been  partially  acted  upon  and  con- 
verted into  xanthoproteic  acid. 

Between  several  of  the  fibres,  and  in  many  places  adhering  to 
their  external  surfaces,  were  found  small  particles  of  some  organic 
tissue,  which  were  coloured  of  a  still  deeper  yellow  than  the 
fibres  themselves.  On  subjecting  some  of  the  latter  to  the  action 
of  strong  liquor  ainmonice,  the  yellow  portions,  particularly  the 

*  Read  before  the  Bristol  Microscopical  Societj',  and  now  communicated 
by  the  Author. 
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altered  iutercellular  substance^  acquired  a  still  darker  hue,  whilst 
those,  on  the  contrary,  which  were  stained  by  the  reduced  silver 
became  somewhat  paler,  as  if  a  portion  of  the  argentine  film  were 
soluble  in  that  menstruum ;  though  it  should  be  observed,  that 
no  further  effect  M^as  produced  on  the  stain  even  by  a  protracted 
digestion  in  ammonia.  Now,  upon  making  comparative  experi- 
ments with  a  piece  of  the  linen  wrapper  that  had  been  recently 
'  marked '  in  the  usual  way  with  a  solution  of  nitrate  of  silver, 
the  fibres  were  found  to  present  a  very  similar  appearance  to  that 
before  described;  the  only  difference  being  that  the  yellow 
coloration  was  not  quite  so  distinct,  and  more  of  the  silver- 
stain  was  removed  by  the  solution  of  ammonia ;  whereas  on  the 
other  hand,  fibres  that  had  been  stained  by  solutions  of  chloride 
and  oxide  of  silver  in  ammonia  were  uniformly  coloured  of  a  dark 
brown  or  black,  and  exhibited  no  trace  of  yellow  coloration. 

These  results,  conjoined  with  the  corroded  state  of  the  linen  in 
the  %dcinity  of  the  marks,  justif;\^  us,  I  think,  in  concluding  that 
the  ancient  Egyptians  were  really  acquainted  with  nitric  acid ; 
and,  as  my  father  has  already  suggested,  employed  the  nitrate  of 
silver  as  a  marking-fluid.  In  what  manner,  however,  they  pre- 
pared the  acid,  whether  by  the  distillation  of  the  nitrate  of  soda 
or  nitrate  of  potash  with  oil  of  vitriol,  or  by  one  of  the  processes 
adopted  by  the  alchemists,  I  will  not  at  present  attempt  to  decide, 
but  will  leave  the  problem  to  be  solved  at  some  future  period, 
when  the  researches  of  antiquarians  shall  have  offered  us  frnther 
evidence  on  the  subject. 

Mansion  House,  Old  Park,  Bristol, 
March  27,  1853. 

LVI.   On  Ground  Ice  found  in  the  Beds  of  Running  Streams. 
By  Richard  Adie,  Esq.,  Liverpool^. 

FOR  the  information  of  those  who  may  not  have  turned  their 
attention  to  this  subject,  it  may  be  desirable  that  I  preface 
my  remarks  by  stating  that  ground  ice  is  the  name  given  to  soft 
snow,  like  accumulations  of  ice,  found  only  in  the  beds  of  run- 
ning streams.  In  the  Thames  the  watemien  of  the  last  century 
were  familiar  wdth  ground  ice,  and  it  was  then  made  the  subject 
of  accurate  descriptions,  but  at  that  time  no  one  attempted  to 
account  for  its  appearance ;  this  has  been  reserved  for  a  com- 
paratively recent  period,  when  Dr.  Farquharson,  M.  Arago,  and 
Dr.  John  Davy  have  made  the  causes  of  the  appearance  of  ice  in 
an  unnatural  position  under  water  the  object  of  their  study. 
The  theories  they  have  offered  for  explaining  the  formation  of 
ground  ice  are  based  on  the  supposition  that  the  ice  is  formed 
*  Communicated  bv  the  Author. 
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in  the  place  where  it  is  found.  I  had  occasion  to  submit  the 
methods  of  accounting  for  ground  ice  by  Dr.  Farquharson  and 
M.  Ai'ago  to  my  friend  Mr.  James  Elliot,  then  resident  on  the 
banks  of  the  river  Teviot ;  he  there  tested  the  theories  of  the 
formation  of  ground  ice  by  the  facts  presented  to  him  through 
a  careful  examination  of  the  bed  of  the  river^  and  came  to  the 
conclusion  that  they  did  not  agree  well  \Aath  one  another.  After 
a  lapse  of  some  time  I  submitted  to  him  a  new  explanation  of 
the  phsenomenon  of  the  appearance  of  ground  ice,  which  was 
based  on  details  given  in  Mr.  Knight  and  Mr.  Eisdale's  published 
papers  on  the  subject*,  and  also  from  the  valuable  evidence  sup- 
plied by  Mr.  Elliot  against  the  theories  in  question.  The  theoiy 
I  gave  of  the  formation  of  ground  ice  was,  that  it  ivas  all  formed 
at  the  surface,  being  the  coldest  part  of  a  running  stream,  sub- 
merged by  the  motion  of  the  current,  then  carried  along  until 
entangled  by  some  plant  or  asperity  in  the  bed  of  the  stream. 
An  icy  nucleus  once  begun,  the  trite  illustration  of  a  snow-ball 
rolling  down  a  hill  describes  what  follows  in  a  river  at  32°  tem- 
perature, having  minute  particles  of  ice  mingled  with  the  water, 
the  process  of  accumvilation,  however,  being  inverted ;  for  in  the 
stream,  the  nucleus  which  corresponds  to  the  snow-ball  remains 
stationary,  while  thfe  icy  particles  corresponding  to  the  snow  are 
rolled  over  it  by  the  motion  of  the  river.  ^ATien  the  ice  is  lodged 
in  a  plant  moored  to  the  ground  by  a  slender  stem,  the  accumu- 
lation assumes  a  spherical  form,  from  the  testing  and  turning 
of  the  plant  in  the  current ;  but  where  the  asperities  are  fast  to 
the  bottom,  the  ice  spreads  over  the  bed  of  the  stream  after  the 
manner  of  a  covering  of  snow  on  rough  ground.  The  velocity 
of  the  water  has  an  influence  on  the  nature  of  the  particles  of 
ice  which  form  the  accumulation ;  in  slow  running  streams,  like 
those  in  the  vicinity  of  Liverpool,  it  consists  of  thin  scales  of 
nearly  one-quarter  of  an  inch  superficies ;  pieces  of  this  size 
interlocked  with  one  another  have  under  water  a  transparent 
appearance,  so  that  to  a  casual  observer  they  are  easily  overlooked 
even  when  in  large  quantities  in  the  bed  of  the  river ;  where  the 
water  runs  swiftly,  the  particles  of  ice  become  much  smaller,  and 
when  collected  together  assume  the  appearance  described  by 
Mr.  Knight,  of  the  most  silver  whiteness. 

In  the  theor^'^s  offered  to  account  for  the  formation  of  ground 
ice  in  the  part  of  the  stream  where  it  is  found,  the  motion  of  the 
water  is  stated  to  prevent  the  formation  of  ice  at  the  surface,  and 
the  particles  on  the  ground  being  nearly  in  a  state  of  rest  the  water 
freezes  there.  This  view  proceeds  on  the  assumption  that  motion 
in  water  is  a  preventive  to  freezing,  which  is  only  true  in  a 

*  Abstracts  from  these  will  be  fouud  iiuder  ai-ticlc  Grouud  Ice,  Penny 
Cyclopaedia. 


342  Mr.  R.  Adie  on  Ground  Ice  found  in 

qualified  sense.  When  water  lias  different  temperatures  at  dif- 
ferent depths,  for  example,  35°  at  the  bottom  and  31°  at  the 
surface,  then  it  is  easy  to  see  that  motion,  by  mixing  the  water 
at  35°  with  the  sm-face-water,  must  retard  its  freezing ;  and  this 
is  the  state  of  our  lakes,  ponds,  &c.  But  where  the  water  from 
rolling  along  the  bed  of  a  stream  has  one  uniform  temperature 
of,  say  31°"5,  I  apprehend  the  motion  favours  the  formation  of 
ice.  In  the  experiment  of  cooling  down  still  water  below  the 
freezing-point,  a  rapid  congelation  is  found  to  follow  the  slightest 
motion. 

The  soft  snow-like  natiu-e  of  ground  ice  is  evidence  in  favour  of 
its  being  not  formed  in  situ;  for  if  ice  be  formed  by  artificial  means 
at  the  bottom  of  a  vessel  of  water,  it  is  of  the  hardest  description ; 
I  can  see  no  reason  why,  in  the  bed  of  a  stream  where  the  motion 
of  the  water  is  at  a  minimum,  it  should  diff'er  from  that  formed  by 
the  artificial  process.  In  this  country,  where  the  frosts  are  never  of 
veiy  long  duration,  ground  ice  is  in  the  form  of  a  soft  incohesive 
mass;  but  in  localities  on  the  continent,  where  the  winter  is  steady 
and  long,  ground  ice  assumes  a  firmer  compact  form  ;  for  the  same 
reason  that  newly-fallen  snow,  a  loose  mass  ready  to  be  driven 
about  by  every  wind,  in  process  of  time  gradually  passes  into  a 
state  of  firm  ice,  as  has  been  shown  in  the  modern  researches  on 
glacier  ice.  Another  circumstance  against  the  supposition  that 
ground  ice  is  formed  where  it  is  found  is,  that  in  places  favourable 
for  its  reception  the  quantity  found  in  the  bed  of  the  stream  under 
a  depth  of  one  to  two  feet  of  water  is  often  greater  than  the 
quantity  of  surface-ice  on  a  like  superficies  of  still  water  in  the 
same  neighbourhood.  Supposing  the  ice  to  be  formed  on  the 
bottom,  the  superincumbent  body  of  water  must  act  as  a  great 
retardation.  The  efi"ect  of  a  light  arch  over  a  canal  in  checking 
the  freezing  of  the  water  underneath  illustrates  this.  The  quan- 
tity of  ice  in  the  river-bed  should  thus  be  much  less  than  the 
surface-ice  in  the  neighbourhood  for  a  corresponding  supei-ficies, 
which  is  often  not  the  case. 

The  streams  best  suited  for  exhibiting  the  phsenomenon  of 
ground  ice  are  those  which  drain  open  exposed  tracts  of  countiy 
with  few  trees  or  tile-drains.  From  10  to  12  miles  north  of 
Liverpool,  at  Altcar,  there  is  a  flat  countiy  of  this  character : 
the  land  is  drained  by  a  series  of  open  slow  running  ditches ;  a 
portion  of  the  water  of  these  ditches  is  carried  by  a  stream,  locally 
known  by  the  name  of  the  Brook,  into  the  river  Alt.  The  velocity 
of  the  water  varies  from  2  to  3  miles  per  hour,  depth  2  feet. 
On  the  11th  and  12th  of  February  1853,  the  district  was  visited 
by  a  severe  frost,  temperature  21^,  with  a  sharp  wind;  on  the 
morning  of  the  13th  I  examined  the  locality,  when  I  found  the 
bed  abundantly  covered  with  ground  ice.     The  temperature  of 
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the  water  was  31°'9,  air  35°.  The  ice  consisted  of  small  thin 
plates  interwoven  with  one  another  in  every  possible  manner ; 
where  the  water  was  not  more  than  2  feet  deep,  and  the  current 
ran  at  2^  miles  an  hour,  the  ice  spread  over  the  bed  of  the 
stream  to  a  depth  of  from  2  to  4  inches.  At  the  edges  on  the 
sm'face  there  was  not  much  ice ;  in  thickness  it  was  about  |  of 
an  inch  at  the  edge,  and  thinning  off  quickly  to  a  shell  edge 
within  1  foot  from  the  side  of  the  bank.  On  the  ditches  in 
the  neighbourhood  the  ice  was  about  1  inch  thick,  which  at  once 
broke  when  an  attempt  was  made  to  stand  upon  it.  In  the 
forenoon  of  the  T3th  the  sun  shone  Anth  considerable  power ; 
this  had  the  effect  of  producing  a  sufficient  increment  of  tempe- 
rature to  detach  the  ice  from  the  bed  of  the  stream,  and  when  I 
left  the  Brook  the  ground  ice  had  begun  to  rise  rapidly.  I  have 
observed  that  changes  of  this  kind  are  veiy  sudden  ;  in  half  an 
hour  a  large  portion  of  the  ground  ice  will  often  disappear;  it 
rises  to  the  surface  and  Hoats  away  with  the  current.  It  often 
gets  obstructed  in  its  passage  down,  when  the  surface  of  the 
stream  becomes  choked  with  loose  floating  ice.  In  some  places 
inundations  follow,  which  render  these  accumulations  a  source 
of  anxiety  to  the  neighbovuing  proprietors. 

I  have  at  intervals  of  several  years  examined  this  locality  for 
ground  ice  when  the  state  of  the  weather  seemed  to  be  favourable 
for  its  formation,  and  rarely  been  disappointed.  One  or  two 
nights  of  sharp  frost  with  wind  appears  to  produce  it.  The  view 
that  I  take  of  the  mode  of  its  production  is,  that  the  mnd  acting 
on  the  ditches  in  the  exposed  tlat  district  soon  cools  them  down 
to  32°,  and  at  the  beginning  of  the  frost  forms  scales  of  ice  on 
their  surface,  which  are  carried  along  by  a  slow  current  till  they 
reach  the  Brook ;  here  the  velocity  of  the  water  increases,  and 
the  light  particles  of  ice  are  mixed  up  with  the  water  by  the 
current  and  get  entangled  by  asperities  in  the  bed  of  the  stream, 
consisting  chiefly  of  stones  and  portions  of  plants.  In  some 
parts  where  the  stream  runs  slowly  there  is  no  ground  ice ;  but 
if  there  be  a  short  sj)ace  of  it  with  a  more  rapid  current,  there 
the  accumulation  of  ice  is  found  in  plenty. 

The  frost  continued  from  the  13th  of  February  onward ;  some 
days  later  I  again  examined  the  bed  of  the  Brook,  and  found 
nearly  as  much  ground  ice  as  on  the  first  occasion ;  it  now  wore 
a  gray  aspect,  from  minute  particles  of  clay  and  sand  lodged 
amongst  it  by  the  current  of  water.  Under  two  light  stone  arches 
over  the  rivulet  I  found  it ;  under  one  of  them,  where  the  bed  of 
the  stream  and  the  velocity  of  the  water  were  favourable  for  the 
accumulation  of  this  kind  of  ice,  it  existed  in  the  greatest  possible 
abundance.  This  observation  recalled  to  my  recollection  a  remark 
made  by  IMr.  Elliot,  while  discussing  M.  Arago'a  theory  of  the 
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formation  of  ground  ice,  tliat  in  the  Teviot  lie  often  found  it  in 
plenty  in  localities  where  the  stream  appeared  to  be  well-shaded 
by  trees.  The  fact  of  ground  ice  being  found  in  such  places  at  once 
shows  that  it  never  could  have  been  produced  there,  for  to  form 
surface-ice  in  small  quantity  under  an  arch  requires  a  more  intense 
frost  than  we  had  had.  The  temperature  of  the  stream  where 
the  ice  was  found  under  the  arch  was  33°,  atmosjiherc  36°'o ; 
the  thickness  of  the  ice  on  exposed  ditches  measured  a  little  under 
2  inches. 

Wherever  there  are  running  streams  readily  cooled  down  to 
32°,  there  can  be  no  doubt  about  ground  ice  being  found,  but 
this  temperature  is  essential ;  for  if  the  water  of  the  stream  rise 
only  a  small  portion  of  a  degree  above  the  freezing-point,  the 
ground  ice  soon  disappears. 

While  examining  the  waters  in  the  vicinity  of  Altcar,  I  have 
often  tried  to  estimate  the  relative  power  of  a  stream  and  of  a  stag- 
nant water  in  producing  ice.  The  Brook  appears  to  come  so  soon 
to  32°,  that  I  incline  to  the  opinion  that  more  ice  is  made  on  it 
than  on  an  adjacent  surface  of  still  water.  In  the  present  frost 
there  appeared  much  less  ice  on  it,  but  then  the  sun  at  this  season 
is  daily  of  sufficient  power  to  loosen  large  quantities  from  the 
edges  which  are  seen  continually  passing  down  to  the  sea.  This 
process  has  the  effect  of  exposing  every  evening  a  fresh  surface 
of  water  to  the  most  favourable  action  of  the  sky,  where  ice  must 
be  formed  more  rapidly  than  in  still  waters  already  covered  over 
with  thick  ice. 

Subaqueous  ice  owes  its  preservation  to  the  current  of  ice-cold 
water  which  the  stream  keeps  continually  poui-ing  upon  it.  On 
the  occasions  when  I  have  found  it  in  the  Brook,  the  frost  had  not 
penetrated  the  soil  or  stagnant  water  deeper  than  2  inches ;  ice 
could  not  at  such  a  time  remain  in  still  water,  at  2  feet  below 
the  surface.  In  the  situation  I  have  described,  where  the  sub- 
aqueous ice  had  a  covering  of  a  stone  arch  in  addition  to  the 
water  above  it,  the  necessity  of  an  active  current  of  water  to  pre- 
vent its  melting  was  still  more  apparent.  During  a  former 
season,  when  examining  the  ice  in  the  bed  of  the  Brook,  I  tried 
the  temperature  of  the  clay  and  sand  over  which  the  water  rolled, 
and  found  it  to  agree  very  closely  with  that  of  the  water.  This, 
however,  was  only  for  a  small  depth,  for  during  frosts  the  tem- 
perature increased  rapidly  downwards  for  the  first  few  feet.  A 
running  stream  is  to  some  extent  an  exceptional  case  to  the  rule, 
that  in  frosty  weather  the  temperature  increases  quickly  as  we 
descend ;  for  in  the  stream  the  force  of  gravity  acts  so  as  to 
keep  bottom  and  surface-water  continually  changing  their  respect- 
ive places.  On  this  peculiarity  of  a  river  must  mainly  rest  the 
view  which  I  have  advocated,  that  ground  ice  consists  of  spiculce 
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formed  in  the  coldest  part  of  a  river  and  transported  to  their  place 
of  rest  by  the  action  of  the  current. 

In  the  neighbourhood  of  St.  Petersburg,  in  the  Neva,  ground 
ice  is  found ;  when  the  surface  of  the  stream  has  a  covering  of 
ice  and  snow  3  feet  thick,  it  is  described  to  have  the  usual 
loose  snow-like  texture,  which  to  my  mind  is  the  best  evidence 
that  the  stream  has  brought  it  there.  ]^ut  where  the  icy  spiculse 
were  formed,  and  when  they  were  lodged,  are  questions  that 
require  a  local  inspection  before  an  attempt  could  be  made  to 
answer  them.  In  the  basin  drained  by  the  Neva,  consisting  of 
lakes,  swamps,  and  mountain  ranges  on  its  confines,  these  spi- 
cula;  may  have  had  a  long  journey  from  the  interior  before  they 
reached  their  place  of  rest,  the  five  months'  winter  to  which  the 
region  is  subjected  affording  ample  time  for  the  transit. 

In  the  Tay,  near  Perth,  it  has  been  noticed  that  ground  ice 
makes  its  appearance  before  surface-ice;  and  when  the  latter 
has  become  strong  enough  to  walk  on,  the  subaqueous  ice  may 
be  viewed  through  the  transparent  surface-ice.  I  have  no  doubt 
that  the  same  thing  occurs  in  the  Brook  near  Liverpool,  when 
the  winter  is  sufficiently  severe  to  cover  over  its  surface  with  ice ; 
an  effect  which  I  have  not  witnessed,  although  residents  in  the 
neighbourhood  inform  me  that  it  has  taken  place.  The  cii'cum- 
stance  of  the  early  appearance  of  the  ground  ice  during  a  frost 
adds  a  confirmation  to  the  view  that  the  ice  is  lodged,  not  formed, 
in  the  bed  of  the  stream. 


LVII.   On  Copper  Smelting.     By  James  Napier,  F.C.S.* 

[Continued  from  p.  184.] 
Fusing  calcined  coarse  Metal. 

THE  next  operation  is  fusing  the  calcined  coarse  metal.    The 
charge  for  an  ordinary- sized  furnace  of  8  feet  by  13  feet  is — 

25  cwt.  of  calcined  metal, 
5  to  7  cwt.  slags  from  the  roasters, 
2  to  3  cwt.  of  cobbing. 

In  this  mixture  the  oxide  of  iron  is  in  excess  in  relation  to  the 
silica,  and  it  is  therefore  much  more  easily  fused  than  the  ore ; 
but  the  reactions  which  take  ])lacc  are  similar ;  the  silica  and 
oxide  of  iron  combine  to  form  slag,  wliich  floats  upon  tlie  surface 
of  the  mat  and  has  to  be  skimmed  off,  after  which  the  mat  is 
tapped  out  into  sand-moulds.  Two  charges  are  generally  fused 
before  the  metal  is  tapped  out.  This  mat  is  termed  blue  metal, 
from  its  being  of  a  slate-blue  colour ;  the  scoria  is  termed  sharp 

*  Communicated  by  the  Author,  who  reserves  to  himself  the  copyright, 
any  infringement  whereof  will  invoke  legal  proceedings. — Eds. 
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slag,  from  its  containing  an  excess  of  oxide  of  iron,  and  being 
consequently  nscd  as  a  liux  for  fusing  the  ore. 

The  blue  metal  varies  considerably  in  composition,  according 
to  the  state  of  the  calcination  of  the  coarse  metal.  The  following 
analyses  of  several  kinds  will  make  this  variation  manifest : — 

Low  Average  Good  Superior 

quality.  quality.  quality.  quality. 

Copper      ....     55'  58-8  63-2  65-8 

Sulphur    ....     23  205  21-8  226 

Iron 18  11-6  8-6  9-1 

Silica 3  4-2  4-8  1-8 

Antimony,  tin,  &c.          1  i'3  "8  -7 

Oxygen  and  loss       .      ...  3*6  "8 

100         100-0         100-0         100-0 

Comparing  the  results  of  this  table  with  the  quantity  of  sulphur 
in  the  calcined  coarse  metal,  some  sulphur  appears  to  have  been 
evolved  during  the  fusion,  but  the  quantity  given  off  is  very 
small.  The  reason  of  the  blue  metal  being  so  rich  in  copper  is 
owing  to  the  rich  slags  added  before  fusing,  which  contain  no 
sulphur. 

Blue  metal  is  often  full  of  small  specks  of  reduced  copper,  and 
small  cavities  lined  with  tine  fibrous  metallic  copper,  growing 
out  like  moss ;  these  fibres  are  often  not  less  than  an  inch  in 
length.  This  is  appropriately  termed  copper  moss;  it  occurs 
generally  where  the  metal  has  come  into  contact  with  moisture, 
which  probably  not  only  produces  the  cavities,  but  eiFects  the 
reduction  of  the  metal.  The  composition  of  this  moss  given  by 
Le  Play  is — 

Copper 98-2 

Iron        '4 

Nickel -6 

Mixed  carbonaceous  matters      .  *2 

99-4 

It  has  sometimes  a  brassy  appearance,  and  at  other  times  a 
crimson-red  tint.     A  sample  of  each  gave  by  analysis — 

Brass  colour.  Red  colour. 
Copper     ....     98-5  99-0 

Sulj)hur    ....  -4  "4 

Tin,  antimony,  &c.         I'O  '5 

Iron trace  trace 

99^  99^ 

The  purity  of  the  copjier  is  remarkable  at  this  stage  of  the 
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operation.  We  have  seen  moss  upon  blue  metal  from  the  most 
impvirc  ores  equally  as  good  as  that  from  the  best. 

When  blue  metal  is  put  into  water  immediately  after  setting, 
it  assumes  a  red-brown  colour.  AMien  this  is  examined  with 
a  lens,  the  colour  is  seen  to  be  caused  by  the  reduction  of  copper 
in  fine  grains,  not  only  over  the  surface  but  through  the  mass, 
bearing  out  the  supposition  that  the  copper  moss  may  be  pro- 
duced by  moisture. 

Copper  moss  occasionally  occui's  in  some  of  the  other  opera- 
tions, but  it  is  most  common  in  the  blue  metal. 

The  sharp  slags  obtained  with  the  blue  metal  are  also  of  varied 
composition.  The  following  three  analyses  give  a  fair  average 
of  their  qualities  : — 

Copper 1-5  I'O  20 

Silica 40-2  3.5-8  36-6 

Protoxide  of  iron  ....  54*4  56*4  57'5 

Lime 1-3  1-6  -9 

Oxides  of  tin,  antimony,  &c.  '7  1'3  I'O 

98-1  97-0  98-0 

Some  of  the  iron  in  these  analyses  was  in  a  higher  state  of 
oxidation  than  protoxide. 

By  referring  to  the  table  of  equivalents  of  flux  for  silica, 
p.  455,  vol.  iv.,  the  value  of  these  sharp  slags  will  be  apparent, 
and  also  the  proper  proportions  in  which  they  should  be  added 
to  an  ore.     Taking  the  mean  of  these  analyses,  we  have — 

Silica 37-5 

Oxide  of  iron    .     .     .  56' 1 

Lime 13 

Other  oxides    ...  10 

95-9 
not  including  the  copper.     Then,  as  46  silica  requires  36  oxide 
of  iron,  the  37*5  will  take  30  of  the  oxide  of  iron,  leaving  upwards 
of  27  per  cent,  of  these  sharp  slags  available  as  flux. 

Several  modifications  have  been  introduced  at  this  stage  of  the 
operation.  Some  smelters,  instead  of  tapping  the  mat  into 
sand-beds  to  make  blue  metal,  tap  it  into  deep  ])its  of  water  in 
the  same  manner  as  wc  have  described  for  coarse  metal,  granu- 
lating it  for  the  purpose  of  giving  it  another  calchuition.  When 
this  is  done,  the  granulated  mat  is  termed  Jine  metol,  in  contra- 
distinction to  coarse  metal. 

The  calcination  of  the  fine  metal  is  conducted  in  the  same 
manner  as  that  of  the  coarse  metal,  and  the  chemical  changes 
which  take  place  in  the  furnace  are  the  same.  When  the  cal- 
cined fine  metal  is  fused,  some  refinery  slags  rich  in  copper  are 

2  A  2 
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added.     The  produce  of  this  fusion  is  about  three-fourths  mat 
aud  oue-fourth  slag,  consisting  of — 

Copper  ....  7 
Oxide  of  iron  .  .  64 
Silica      ....     24 

The  mat  or  metal  will  be  described  further  on.  This  calcina- 
tion and  fusing  i-eplaces  a  roasting  of  24  hours  ;  and  where  the 
process  of  selecting  is  required,  it  is  considered  preferable. 

When  oxides  and  carbonates,  such  as  the  A\istralian  ores,  are 
on  hand,  they  are  generally  fused  with  the  calcined  coarse  metal, 
by  which  means  a  double  advantage  is  obtained ;  the  excess  of 
oxide  of  iron  in  the  calcined  metal  iluxes  the  silica  of  the  ore 
which  has  little  iron,  and  the  co])per  in  the  ore  is  converted  into 
subsulphuret,  a  condition  necessary  for  reduction  by  the  present 
method  of  smelting.  The  produce  of  this  fusion  is  a  mat  termed 
pimpled  metal,  from  its  having  small  rough  pimples  on  the  sur- 
face of  the  ingots.     The  average  composition  of  this  metal  is — 

Copper 78 

Sulphur 18 

Iron 2 

Silica 2 

loo 

When  this  metal  is  produced  by  the  admixture  of  Australian 
ores,  it  has  generally  a  redder  colour  than  when  obtained  by 
fusing  calcined  fine  metal,  or  roasting  blue  metal ;  it  also  con- 
tains a  little  more  iron,  but  the  reddish  tint  is  caused  by  reduced 
copper  diffused  through  it. 

The  slags  from  this  process  are  stiff,  and  generally  contain 
copper ;  the  following  is  their  average  composition  : — 

Copper 3*5 

Silica 60-4 

Oxide  of  iron    .     .     .     36*1 

100-0 

These  slags  are  fused  with  sulphuret  ores,  to  obtain  the  copper 
from  them. 

It  will  be  remarked,  that  the  mixing  of  the  Australian  ores 
advances  the  u)at  obtained  from  the  Cornish  ores  twenty-four 
hours ;  but  it  must  also  be  borne  in  mind  that  the  copper  in  the 
Australian  ores  is  put  back  at  least  thirty-six  hours  by  converting 
it  into  sulphui'ct. 

Roasting. 

The  next  operation  to  be  described  is  that  termed  roasting ;  a 
process  which,  in  chemical  books,  is  generally  identified  with 
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calcining,  but  is  distinct  both  in  its  mode  and  objects.  The 
roasting  furnace  has  ah-eady  been  described,  page  316,  vol.  iv. 
The  charge  for  an  ordinary-sized  furnace  is  abovit  three  tons. 
When  the  metal  is  brought  to  fusion,  the  air-holes  of  the  furnace 
are  all  opened  and  a  free  current  allowed  to  pass  over  the  surface 
of  the  fused  mass ;  the  heat  of  the  fire  is  then  regulated  so  as 
to  keep  the  charge  in  a  sort  of  semitiuid  state.  When  blue  metal 
is  roasted,  the  action  which  occurs  between  the  air  and  charge 
is  similar  to  that  which  takes  place  in  the  calciner — the  sulphur 
is  oxidized  and  passes  off  as  sulphurous  acid ;  the  iron  with  a  little 
copper  also  oxidizes,  forming  scoria,  which  from  time  to  time  is 
skimmed  off.  These  slags  vary  in  composition  according  to  the 
stage  of  the  operation  at  which  they  arc  skimmed.  At  the  be- 
ginning of  the  operation  their  average  composition  is — 

Oxide  of  copper        .     .       8 

Oxide  of  iron       .     .     .     49 

Silica 37 

Sulphur 3 

Other  oxides        ...       3 

100 
Those  produced  at  the  end  of  this  process,  j  ust  previous  to  the 
commencement  of  the  true  chemical  reactions  which  occur  in  the 
process  of  roasting,  furnished  the  following  result : — 

Oxide  of  copper        ..15 
Oxide  of  iron       ...     43 

Silica 33 

Sulphur 2 

Oxygen  and  oxides     .     .     7 

"lOO 
This  operation  is  termed  the  first  roasting ;  the  quantity  of 
scoria  from  it  amounts  to  about  one-third  of  the  weight  of  the 
metal  put  in.  As  this  operation  is  usually  continued  twenty-four 
hours,  the  quality  of  the  metal  obtained  varies  exceedingly,  and 
is  distinguished  by  some  peculiarity  of  appearance,  as  pimpled 
metal,  ivhite  metal,  or  regulus,  &c.  The  following  analyses  of  a 
few  of  these  varieties  will  illustrate  our  remarks  : — 

By  Le  Play. 
Copper     ....     75-0         75  73         78         77*5 

Sulphur   ....     200         18         20         18         20-1 

Iron -7  4  5  2  22 

Other  metals,  &c.   .       4-3  3  2  2 


1000       100       100       100         99-8 


It  will  be  observed  that  these   compoimds  have  the    same 
general  character,   the  principal   differences   consisting  in   the 


350  Mr.  J.  Napier  on  Copper  Smelting. 

quantity  of  iron  and  other  metals;  and  untd  all  the  iron  is 
removed,  there  is  no  proper  roasting  reaction.  When  this  change 
is  eflfected  before  the  twenty-four  hours  allowed  for  the  operation 
expires,  the  mat  ^^dll  be  in  the  condition  termed  sponge  regulus, 
and  a  quantity  of  copper  reduced  to  the  metalhc  state,  which 
will  be  found  at  the  bottom  of  the  ingots  or  pigs,  which  are 
termed  copper  bottoms.  This  sponge  regulus  is  composed  as 
follows : — 


Le  Play. 

Copper     . 

.     80-5 

79-5 

80-0 

811 

Sulphur   . 

.     18-8 

19-5 

18-5 

18-5 

Iron    . 

•4 

•0 

•7 

•2 

99-7         99-5         99-2         99-8 

This  composition  is  still  very  close  to  the  formula  Cu  2S.  It 
will  be  seen  that  the  results  obtained  by  roasting  the  blue 
metal  are  similar  to  those  described  when  fusing  calcined  fine 
metal,  and  also  by  mixing  calcined  coarse  metal  with  carbonates ; 
so  that  whatever  modification  be  adopted,  they  all  meet  at  the 
stage  of  sponge  regulus. 

The  next  process  is  what  is  termed  roasting  proper,  where  the 
chemical  reactions  are  different  from  those  that  take  place  in 
calcining,  and  where  the  copper  is  reduced  to  the  metallic  state. 

About  three  tons  of  the  regulus  described  is  put  into  a  roasting- 
furnace  and  fused  as  stated  above.  When  the  air-holes  are  all 
opened,  so  that  a  free  current  is  allowed  to  pass  over  the  surface, 
a  brisk  effervescence  ensues  over  the  surface  of  the  fluid  mass, 
much  sulphurous  acid  is  evolved,  and  a  small  quantity  of  scoria 
is  formed,  which  is  carefully  removed  before  it  accumulates. 
This  scoria  generally  contains  pieces  of  metallic  copper.  The 
average  composition  of  these  slags  is — 

Oxide  of  copper        .     .     45 
Oxide  of  iron       .     .     .25 

Silica 28 

Sulphur 2 

100 

The  chemical  reactions  which  take  place  dm-ing  this  efifer- 
vescence  may  be  explained  thus  :  if  we  take  1  equivalent  of  sub- 
sulphiu'et  of  copper,  which  is  composed  of  16  sulphur  and  64 
copper,  and  2  equivalents  of  oxide  of  copper,  which  is  com- 
posed of  16  oxygen  and  64  copper — incidentally  equal  weights, — 
mix  them  together  in  a  crucible  and  expose  them  to  a  heat  suffi- 
cient to  melt  copper,  the  whole  of  the  copper  will  be  reduced, 
and  the  sulphur  evolved  as  sulphurous  acid, 

Cu  2S  -f-  2CuO  =  S02  +  4Cu. 
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The  reactions  which  occur  in  the  process  of  roasting  are  the 
same.  The  oxygen  of  the  air  combines  in  the  first  place  with  a 
portion  of  the  sulphur,  forming  sulphurous  acid.  A  portion  of 
the  copper  is  also  oxidized,  and  instantly  reacts  upon  another 
portion  of  the  subsulphui'et,  reducing  the  metal,  as  sho^vn  above. 
The  process  is  a  very  beautiful  one,  and  exhibits  a  nice  adapta- 
tion of  principles  to  practice.  The  sponge  regulus  has  a  specific 
gravity  of  5,  the  reduced  copper  about  8 ;  so  that  the  copper 
sinks  to  the  bottom  where  it  is  protected,  and  a  new  sui'face  of 
regulus  becomes  exposed  to  the  action  of  the  air. 

If  the  ore  was  pure,  or  if  no  select  copper  is  required,  the 
operation  of  roasting  is  continued  until  the  whole  of  the  copper 
is  reduced,  when  it  is  tapped  out  into  sand-moulds,  forming 
coarse  copper,  bed  copper,  pimpled  copper,  or  blistered  copper, 
according  to  quality.  The  term  coarse  copper  is  applied  occa- 
sionally to  all  these  kinds  except  the  blistered.  If  the  ingot  sets 
with  contraction  with  a  smooth  hollow  surface,  it  is  termed 
bed,  and  generally  indicates  the  presence  of  other  metals,  as  tin. 
When  the  surface  of  the  ingot  is  covered  with  pimples,  it  is 
termed  pimpled  copper,  and  indicates  the  presence  of  sulphur. 
Allien  covered  ^\'ith  large  scales  or  blisters  of  oxide  of  copper,  it 
is  termed  blistered;  this  only  takes  place  when  the  copper  is  good 
and  ready  for  refining.  The  following  analyses  of  several  of  these 
kinds  will  illustrate  our  remarks  : — 


Coarse  copper. 

Blistered  copper. 

Copper    

Iron    

95-6    92-5 
•3      1-2 

900 

1-4 

1-5 

2-6 

•3 

i'i 

93-4 
2-4 
•6 
•7 
•5 
•5 
2-9 

94-8 

20 

•6 

•3 

11 

"l'2 

89-4 
2- 
2-4 
2-4 
1-3 

■'2-5 

97-5 
•7 
•2 

10 

980    98-5 
•5        -8 
•3i        1 

•4      25 

•2 
21 

"  i"4 

•4 
2- 

"i'i 

•7 
•5 

•6 

Tin  and  antimony. 

Lead   

Oxygen  and  loss... 

,iooo;iooo 

1000 

100  0 

100-0  1000 

1000 

1000;  1000 

All  of  these  contained  suboxide  of  copper  dissolved  in  the 
metallic  copper. 

When  the  regulus  contains  other  metals,  such  as  tin,  anti- 
mony, &c.,  the  first  portion  of  copper  reduced  reacts  upon  the 
sulphurets  of  these  metals,  reducing  them,  and  the  copper  passes 
again  into  sidphuret ;  hence  the  first  portion  of  reduced  metal 
will  contain  the  foreign  metals.  When  making  select  copper, 
the  roasting  is  carried  on  until  about  one-fourth  of  the  copper 
in  the  regulus  is  reduced;  the  furnace  is  then  tapped,  and  tlie 
reduced  metal  is  obtained  at  the  bottom  of  the  first  and  second 
ingots  or  pigs,  as  cupper  bottoms  which  contain  most  of  the  me- 
tallic impui'ities.     The  regulus  is  collected  and  again  roasted 
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which  produces  the  purest  metal  the  ordinary  process  of  smelting 
can  give ;  it  is  termed  best  select. 

The  bottoms  are  collected,  and  if  not  very  impure,  are  roasted 
to  oxidate  the  foreign  metals,  and  an  inferior  quality  of  copper 
made  from  it  termed  tile.  The  composition  of  copper  bottoms 
varies  exceedingly.    The  following  analysis  is  of  a  fair  sample  : — 

Copper 74-0 

Tin 13-8 

Antimony    ....  4" 5 

Lead       .*....  -8 

Iron        2*5 

Sulphur       ....  3-9 

The  following  is  from  Le  Play,  but  we  have  seldom  met  with 
any  so  impure ;  and  with  such  bottoms,  the  regulus  above  would 
not  be  pure  enough  to  make  select : — 

Copper 66"2 

Tin 28-4 

Iron 2-7 

Arsenic        .     .     .     .  2'0 

Sulphur       ....  trace 

99^ 

Copper  bottoms  are  occasionally  found  at  the  bottom  of  the 
first  pig  in  roasting  blue  metal;  these  are  more  impure  than 
when  selected  ore  is  used,  and  is  no  doubt  the  sort  given  by 
Le  Play.  They  are  also  found  in  fusing  calcined  coarse  metal 
with  Australian  ores,  and  in  fusing  calcined  fine  metal.  When 
best  select  is  to  be  made  from  Cornish  ores,  the  last  process  is 
considered  best.  The  method  of  selecting  is  sometimes  practised 
with  inferior  ores  to  obtain  tough  cake  copper. 

The  next  operation  the  copper  is  subjected  to  depends  in  a 
great  measure  upon  the  quality  of  the  copper  obtained  from  the 
roasting  operation.  If  it  be  blistered,  nothing  further  is  required 
but  refining  ;  but  if  coarse  copper,  it  must  have  another  roasting. 
In  some  smelting-works  it  is  put  into  the  refining-furnace  and 
there  roasted  before  refining ;  in  other  works  a  separate  furnace 
is  used  for  this  operation,  in  which  it  is  brought  to  the  quality 
of  blister.  The  separate  fm-nace  is  preferable,  as  it  preserves 
the  refining-furnace  from  being  contaminated  with  impure  metal, 
a  prevalent  source  of  annoyance.  This  roasting  is  done  in  the 
same  manner  as  described  for  the  regulus.  About  four  tons  of 
coarse  copper  form  a  charge.  The  liigh  heat  required  to  fuse 
the  copper  facditates  the  scorifying  of  the  alloy.  The  action  may 
be  defined  thus  : — the  copper  is  oxidized  by  the  air,  which  oxide 
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dissolves  easily  in  the  melted  metal,  and  parts  with  its  oxygen 
again  to  the  alloy,  forming  scoria,  which  differs  entirely  from 
the  other  scoriae,  being  composed  principally  of  the  silicate, 
oxide  and  metallic  copper,  with  the  oxides  of  the  other  metals. 
It  forms  upon  the  surface  in  tough  irregular  masses,  which, 
when  cooled,  are  covered  over  with  crystals  of  oxide  of  tin  resem- 
bling threads  of  glass,  the  composition  of  which  is  stated  by 
Mr.  Cameron  to  be  four  equivalents  of  oxygen  to  one  of  tin  SnO^ 
(Chemical  Gazette  for  1851,  page  125).  The  slags  contain 
generally  about  60  per  cent,  of  copper.  The  metal  is  freed  con- 
siderably from  its  metallic  impurities  by  this  roasting. 

The  reader  will  not  have  failed  to  remark  that  the  reduction 
and  pm-ifying  of  the  copper  are  efl'ected  without  the  aid  of  car- 
bonaceous matters  of  any  sort,  contrary  to  what  is  stated  in  all 
chemical  books  in  reference  to  the  reduction  of  copper;  indeed 
the  addition  of  carbonaceous  matters  would  be  detrimental. 

During  the  roasting  of  copper  there  is  a  considerable  loss  of 
metal,  owing  to  a  portion  of  the  oxide  being  carried  away  by  the 
draft  of  the  furnace  in  the  form  of  fine  powder.  AVe  have  seen, 
where  no  culvert  was  connected  with  the  furnace,  and  proper 
care  not  taken,  the  roof  of  the  house  round  the  chimney  covered 
with  suboxide  of  copper.  Where  culverts  are  used,  this  is  nearly 
all  saved ;  when  obtained  in  the  culverts,  it  is  generally  com- 
bined with  silica  and  other  matters.  A  portion  fused  as  a  cake 
from  a  culvert  gave — 


Silica  and  clay 

60-2 

Protoxide  of  iron       .     . 

16-4 

Sulphur 

Lime 

1-6 
1-3 

Tin  and  antimony     .     . 
Oxide  of  copper    .     . 

40 
15-6 

991 

A  portion  formed  upon  the  inside  of  a 

stack  as  a  fused  incrus- 

tation,  gave — 

Insoluble     .... 

38-6 

Oxide  of  copper     . 
Sulphur       .... 
Sulphuric  acid       .     . 

27-0 
3-5 
3-4 

Tin  and  antimony 
Lead 

4-5 

2-8 

Pi'otoxide  of  iron 

16-4 

Lime 

1-6 

Manganese 

1-3 

Arsenic        .... 

•8 

99-9 
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The  slags  from  this  roasting  are  subjected  to  another  opera- 
tion. They  are  fused  with  a  poor  and  highly  sulphurous  ore; 
the  sulphur  and  iron  of  the  ore  combine  with  a  portion  of  the 
copper  in  the  slags,  and  form  a  rich  coarse  metal,  having  an 
impure  alloy  as  bottoms,  termed  white  metal,  a  highly  crystal- 
line allov,  the  general  composition  of  which  is  represented  by 
the  following  analyses  : — 


I. 

11. 

44-4 

55 

22-0 

23 

2-3 

3 

28-0 

17 

3-1 

3 

Copper  . 
Tin    .     . 
Antimony 
Iron  . 
Sulphur 

99-8  100 

This  alloy  is  refined  by  fusing  it  with  an  earthy  mineral,  com- 
posed principally  of  protoxide  of  iron  and  silica,  containing  a 
little  copper  and  tin,  which  produces  a  compact  alloy  approaching 
speculum  metal  of  an  average  composition  of — 

Copper 63 

Tin 27 

Antimony       ....  5 

Iron 4 

Sulphur 1 

100 

This  white  metal  is  used  for  making  buttons  and  such  articles 
as  are  cast,  and  is  sold  for  little  more  than  the  value  of  the 
copper  it  contains.  Any  process  that  would  separate  the  tin 
easily  from  the  copper,  and  make  it  marketable,  would  be  of 
importance  to  the  smelter. 

[To  be  continued.] 


LVIII.    On  a  Method  of  Transforming  Equations  by  means  of 
Symmetric  Functions.     By  G.  B.  Jerrard*. 

Introduction. 

1.   TN  my  Mathematical   Researches    (p.  20),   I  have  shown 
Jl     that  if  the  roots  of  the  equations 

x""  +Ai^'"-^+A2.'r'«-2+  .  .  +A,„=0, 
y'"  +  M^y^- 1  +  X'c^f"-''  +  .  .  +  A',„  =  0, 

be  so  related  that 

*  Communicated  by  the  Author. 
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or  rather  that 

where  x^,  x^,  .  .  x„i  are  the  roots  of  a'"  +  Ajar'""^  +  . .  =0,  and 
Vv  y-v  •  'Vm  of  y"*  +A'iy'"~'+  .  .  =0;  the  equation  in  y  will 
take  the  form 

-@.(«P  +  /3Q  +  7R+  ..  +XL)y'"-' 


1.2.3 


(-l)'"j-^ig.(«P  +  /SQ  +  7Tl+  ..  +XL)«=0,  .  («) 

u,  ^,  y,  .  .\  being  any  integers.  I  have  here  substituted  @ 
fory^  thinking  it  desirable  that  the  letter  f"  should  be  set  apart 
as  the  symbol  of  integration. 

The  coefficients  of  this  equation  are,  as  I  proceed  to  show, 
merely  condensed  modes  of  expression  formed,  in  accordance 
with  a  well-known  method  of  notation,  by  subjecting  ©,  a  symbol 
of  operation  to  the  same  laws,  with  certain  obvious  limitations, 
as  would  obtain  if  @  were  a  symbol  of  quantity.     Thus  by 

is  represented 

6«P  +  @/SQ  +  @7R+  ..  +vgXL; 
©«;  @y3,  .  •  i^A.  being  the  sums  of  the  ath,  /3th,  .  .  Xth  powers 
respectively  of  the  m  quantities  a?,,  A'g,  -  •  x^.     And,  in  general, 
if  we  expand 

(«P  +  /3Q  +  7R+  ••  +^1^)" 
in  precisely  the  same  manner  as  we  should  do  if  we  were  opera- 
ting on  an  ordinary  algebraical  expression,  and  then  apply  the 
symbol  @  to  ea^h  term,  bearing  in  mind  that  a,  y8,  7,  .  .  X,  arc 
the  sole  elements  of  the  functions  thus  characterized  by  @,  we 
shall  arrive  at  the  expressicm  indicated  by 

@.(aP  +  /SQ  +  7R+  ..  +XL)". 
The  expansion  in  question  will  accordingly  consist  of  as  many 
terms  of  the  form 

1.2.. /I     yga°/3'..X^     P"Q*..L' 
1.2..«xl  .2. .Ax  ..  xl  .2../ 
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as  there  are  different  solutions^  in  positive  integers,  of  the  equation 

a-\-h-\-  .  .  +l=n. 

@a"/3* . .  V  is  the  symmetric  function  of  which  x^  .x'^..x"' 

X  st^„  .  a^,,  • .  af  X  .  .  is  a  term.     As  for  the  number  of  terms  in 

(S«"/3  .  •  ^',  it  is  wholly  unaffected  by  the  equalization  of  the 
elements  of  that  function,  a,  a,  .  .  ^,  /3,  .  .W  .  .  .  For  example, 
if  we  take  the  very  simple  function  of  the  2ud  order  @«/5^  sup- 
posing it  to  be  symmetric  with  respect  to  two  quantities  t  and  w, 
we  shall  have 

^ci/3=ruf^-\-u''ti^', 

from  which,  on  putting  yS=a,  there  will  be  derived 

(ga^  is  thus  composed  of  as  many  terms  as  (3«/3.  And  a  similar 
mode  of  derivation  is  supposed  to  extend  to  every  order  in  the 
present  system  of  symmetric  functions*. 

2.  It  is  not  difficult  to  demonstrate  the  truth  of  equation  [a). 

In  effect,  from  a  well-known  ])roperty  of  equations,  the  coeffi- 
cient of  y'"-"  in  the  transformed  equation  in  ij  will  be  at  once 
seen  to  be  expressible  by 

if  we  use  the  symbol  S  in  an  equally  extended  sense  with  @, 
that  is  to  say,  if  we  suppose  St/j 7/2^3-  •?/«  to  be  derivable  from 
^yVAvl  •  •  Vn  without  any  diminution  in  the  number  of  its  terms, 
on  taking  G  =  6  =  c=  ..  =/=l. 

But,  according  to  equation  [a),  the  coefficient  of  y'"-"  in  the 
transformed  equation  will  be 

(-i)":p4"@.(«p+^Q-f-7R+--+^Lr; 

1. ,  til .  ,n 

n  being  any  integer  less  than  m+1. 

Nothing  therefore  remains  but  to  show,  that  if 

where  t  may  have  any  one  indifferently  of  them  values  l,2,3..m 

*  In  the  systems  of  symmetric  functions  hitherto  in  use  among  mathe- 
maticians, ^'m*,  not  f^  u'^+u'^t",  would  in  the  case  we  have  been  consider- 
ing have  the  same  characteristic  as  t^uP+u'^tP,  But  had  we  thus  insu- 
lated those  symmetric  functions  in  which  there  are  equal  elements,  we 
should  not  have  arrived  at  a  theorem  in  which  the  separation  of  the  symbol 
©  from  its  subjects  could  have  taken  place. 
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assigned  to  it,  there  will  result 

a  theorem,  the  truth  of  which  is  admitted  at  the  present  day*. 

3.  Thus  we  perceive  that  in  the  problem  of  the  transforma- 
tion of  equations,  however  vast  it  may  be,  we  shall  merely  have 
to  consider  functions  of  the  class 

*  The  proof  which  I  gave  of  it  in  my  Mathematical  Researches  about 
twenty  years  ago  was  nearly  as  follows  : — 

Let  us,  in  the  first  place,  suppose  that 

R=0, .  .  L=0. 
The  expression  for  Sy,  y.^  • .  y^  mil  thus  become 

2(Pa;«+Cbf  )(P*^+Qa?^)  .  .  (Pa?«+Qa;J). 

This  function  is,  we  perceive,  of  n  dimensions  relatively  to  P  and  Q  ;  we 
see  also  that  an  «th  power  of  each  of  the  n  quantities  x^,  x.2, .  .  a?/j  is  suc- 
cessively joined  to  P,  and  a  /3th  power  to  Q ;  hence  we  are  led  to  conclude 
that 

2(P^f+Q^XP^2+Q^)  •  -(P^+Q^) 

=VoS«"P"-hv,©*"-  '/3  P"-  'Q 
-hv,@*"-2/32  P"-2Q2+  . .  +u„©/3"Q" ; 

fo>  ^i>  ^'g'  •  •  '^n  being  certain  constant  but  unknown  quantities. 
Now  in  order  to  determine  these,  let 

a=0,     /3=0 ; 
we  shall  then  have 

2(p+Qrx^^./„= 

©0"(uoP"+^.P"~'Q+^2P"-'Q2+  . .  +v„Q"). 
And  since,  in  general, 

2(P+Q)«  x\  xl . .  4=(P-f-Q)«2a:?  xl .  .  /„ 

=(P+Q)"SO", 

there  will  result,  on  making  the  requisite  substitution, 

(P-I-Qf =VoP"+v.P"-'Q+v,P"-^Q-+  .  .  +v„Q". 

"(" — ^) 
Thus  vq,  Vj,  v.2,.  .v„  are  respectively  equal  to  1,  «,  — i — i^— ,  .  .  1,  the 

coefficients  of  the  development  of  (P+Q)". 

If,  therefore,  we  introduce  the  equation  of  definition 

©  .  («P-f-i3Q)"=iaa''P"  +  «S«""'/3  P"-'Q 


+  "^1    >,^^g^"-"/3-P"--Q-+  .  .  +^^"Q" 


we  shall  finally  obtain 

2(P^f +Qxf  )(Px*+Qaf)  .  .  (Pa*+Qa>f)=(g  .  («P+^Q)'^ 

And  from  this  we   can  ascend  without  difficulty  to  the  general  form  in 
which  R,  . .  L  ai-e  undetermined  and  arbitrarv. 
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the  development  of  which  can  be  effected  with  all  the  facility 
which  attaches  to  the  use  of  the  multinomial  theorem.  If,  for 
example,  we  wish  to  expand  the  function  in  question  according 
to  the  descending  powers  of  Q,  we  shall  instantly  find 

@  .  («P  +  /3Q  +  7R+  •  •  +XLr= 

7l\Tl —  T  ) 

+  @.(«P  +  7R+  ..  +XL)^ 
I  shall  now,  pursuing  the  method  given  in  my  Mathematical 
Researches,  examine  anew  some  of  the  consequences  which  flow 
from  equation  («). 

Problem  I. — To  take  away  the  second,  third,  and  fourth  terms 
at  once  from  the  general  equation  of  the  nxth  degree. 

4:.  It  appears  from  equation  [a),  that  in  order  that  A'i,A'2,A'3, 
the  coefficients  of  the  2nd,  3rd,  and  4th  terms  of  the  transformed 
equation  in  y,  may  vanish  simultaneously  when 

g  =  -p  +  Q,  +  nx''+  ..  +L^\ 

we  must  find  such  values  of  P,  Q,  R,  .  .  L  as  will  satisfy  the 
equations 

@.(0P  +  1Q  +  2R+  ..  +XL)=0, 

@.(0P  +  1Q  +  2R+  ..  +\L)2=0, 

6.(0P  +  1Q  +  2R+  ..  +XL)3=0. 

Now  we  know  from  the  theory  of  elimination,  that  in  fulfilling 
these  three  conditions  we  shall,  in  general,  be  conducted  to  a 
final  equation  of  1  .  2  .  3  or  6  dimensions.  Here,  then,  we  seem 
to  be  stopped.  But  when  the  series  for  y  rises  to  the  fourth 
power  of  X,  the  difficulty  may  be  eluded  in  the  following  manner. 

Mode  of  solution  when  X,=4. 

5.  Since  in  the  equation  for  x  we  are  permitted  to  assume 
A,=0,  xV2  =  0,  it  is  clear  that  ©1  and  @1-  may  both  of  them 
be  made  to  vanish.  Hence  on  considering  that  the  first  two  of 
the  equations  of  condition  may,  when  X=4,  take  the  forms 

@1Q  + 
@.(0P  +  2R-r3S  +  4T)  =  0, 

and  @12Q2  + 

281 .  (0P  +  2R  +  3S  +  4T)Q  + 
6  .  (OP -f  2R  +  3S  +  4Tf = 0, 
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we  shall  perceive  that  Q  may  be  completely  detached  from  both 
these  equations  if  we  determine  P,  R,  S,  T  so  that 

(g.  (0P  +  2R  +  3S  +  4T)=0, 

(5l.(0P  +  2Il  +  3S  +  4T)=0, 

(g.(0P  +  2R  +  3S+4T)2=0, 

where  the  product  of  the  numbers  which  mark  the  dimensions 
relatively  to  P,  R,  S,  T  is  only  1  .  1  . 2  or  2. 

In  this  way,  without  resohdng  any  equation  of  a  higher  degree 
than  the  second,  we  shall  have 

A'2=0Q2  +  0Q  +  0. 

And  Q,  which  as  yet,  therefore,  is  wholly  undetermined,  may 
now  satisfy  the  cubic  equation 

@.(0P  +  1Q  +  2R  +  3S  +  4T)3=:0; 
or  rather 

36P.(0P  +  2R  +  3S+4T)Q2  + 
3@1  .  (0P  +  2R  +  3S+4T)2Q  + 
(g.(0P  +  2R+3S+4T)3=0; 
thus  fulfilling  the  third  and  last  condition 

A'3=0. 
6.  It  may  easily  be  shown  that  P,  Q,  R,  S,  T,  y  will  none  of 

them  assume  the  form  j-^ — ^r^,  where  G  and  H  are  integral 
(1  — l)hl 

functions  of  the  (m  — 2)  arbitrary  coefficients  Ag,  A^,  .  .  A,„. 

Returning  to  the  equations  in  P,  R,  S,  T,  we  see  that  the  first 

of  them  will  be  reducible  to 

@.(0P  +  3S  +  4T)=0, 
since  ^2  =  0.    We  may  also  perceive  that  the  second  equation 
of  the  group  will  become 

(5  .  (3R  +  4S  +  oT)=0. 

For,  since  in  general  \^rv:=i<^T^v  —  \^{7-'tv)y  it  is  evident  that 
the  coefficients  of  P,  R,  S,  T,  in 

@I.(0P  +  2R  +  3S  +  4T) 

may  all  of  them  be  derived  from  the  expression 

^l^v  —  (B{\-\-v), 

on  taking  v  successively  equal  to  0,  2,  3,  4 ;  whence 

y5l.(0P-f  2R  +  3S  +  4T)  =  -(5.(3R  +  4S  +  5T), 
@1  being  equal  to  zero. 
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Accordingly  we  shall  have 

li=-rio*S.(4S  +  5T). 

We  conclude,  therefore,  since  we  may  assume  T=l,  that  neither 

P  nor  R  will  be  of  the  form  -^j — yttt'  unless  S  be  of  that  form. 

Substituting  now  these  expressions  for  P  and  R  in  the  equation 

©  .  (0P  +  2R4-3S  +  4T)2  =  0, 

the  first  member  of  which  is  an  integral  function  of  P,  R,  S,  T, 

we  shall  obviously  be  conducted  to  a  quadratic  equation  in  S 

with  determinate  coefficients.     This  equation  I  shall  represent  by 

«S^2  +  2/SST  +  7T2, 
a,  /3,  7  being  certain  rational  functions  of  A3,  A4, . .  A,„ .     The 
expression  for  S  will  consequently  be 

g_  — /3+  V ^—a^  m 
a 
Unless,   then,   a   be  equal  to  zero,  S  will  not  take  the  form 
G 

Now  since,  in  order  to  obtain  a,  we  need  not  consider  the 
whole  development  of  the  function  (g  .  (0P  +  2R4-3S  +  4T)2, 
but  only  that  part  of  it  which  is  affected  with  S^,  it  is  clear  that 
if  we  assume 

P=;?S+/, 

R=rS+?-', 
assigning  to  p,  p',  r,  r'  such  values   as  are  deducible  from  the 
expressions  previously  found  for  P  and  R,  we  shall  obtain  a  by 
merely  writing  p  and  r  for  P  and  R  respectively,  1  for  S,  and 
suppressing  the  term  4T.     Hence 

a  =  @.(0/;  +  2r  +  36-)^ 
where 

__S3        _      @4        _ 
^~      ©0'     '~      ©3'     '~ 

Further,  if  we  expand  (5  .  (0/j  4-2/-  +  35)^  according  to  the 
descending  powers  of  s,  the  expression  for  a.  will  become 

@32  ^2+2^3;.  (0/;  +  2r)s+^g  .  (0/j  +  2r)2; 
or  since  iSO  =  m,  @2  =  0, 

{(@3)'2-@6}s2  + 
2{(m— 1)@3  p+  (  — @5)r}5  + 
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from  which,  on  ehminating  jt>,  r,  s,  there  will  finally  result 

«=  l(@3)^  +  2^if^-^^^'-@6■ 
a.  cannot  therefore  vanish  without  inducing  a  relation  among 
the  coefficients  A3,  A^, .  .  A^ . 

Havino;  thus  shown  that  S  will  not  assume  the  form 


(l-l)H' 

it  immediately  follows  that  not  only  P  and  R,  but  also  Q  and  y 
will  in  general  be  determinate  in  value. 

I  proceed  now  to  show  how  the  problem  may  be  solved  when 
the  series  for  y  does  not  extend  beyond  the  third  power  of  x. 

Mode  of  solution  when  X=3. 

7.  Here  L  =  S.     The  equations  of  condition  will  accordingly 
become 

@.(0P  +  1Q  +  2R+3S)=0,     ^ 

@.(0P  +  1Q  +  2R  +  3S)2  =  0,     I      .     ,     .     (e) 

y5.(0P  +  lQ  +  2R  +  3S)3  =  0.  J 

Assuming,  as  before,  Ai  =  0,  A.2  =  0,  let 

el  .(0P  +  2R  +  3S)  =  D*; 

then,  on  eliminating  P  and  R,  the  second  of  the  equations  {e) 
will  present  itself  in  the  form 

2/t:Q  +  aS2  +  2b/::S  +  cD2=0;     ....     (e',) 

in  which  D  is  indeterminate,  and  b,  c  are  rational  functions  of 
A3,  A4,  .  .  A,„,  the  coefficients  of  the  equation  in  ?'. 

It  may  be  proved  very  readily  that  both  b  and  c  will  in  general 
be  different  from  zero. 

In  effect,  if  we  observe  that 

©.(0P  +  1Q  +  2R+3S)2  = 

0Q2+2DQ  +  e.  (0P  +  2R  +  3S)2, 
we  shall  find,  if  P  =pS  +p,D,     R  =rS  +  rp, 

u  =  (B-{0p  +  2r  +  Ss)^, 

h  =  ^.{0p  +  2r  +  Ss){0p,  +  2r,), 

o  =  e^{Op,  +  2rf; 
p,  r,  s  being  already  known,  and  p,,  r,  being  respectively  equal 

to  0,  -  J5. 
vS3 

\Mience  it  appears,  that,  unless  certain   assignable  relations 
exist  among  the  coefficients  of  the  equation  in  x,  both  b  and  c 
will  be  composed  of  finite  non-evanescent  factors. 
*  Q  is  the  Hebrew  letter  ^ICm. 

Phil.  May.  S.  4.  Vol.  5.  No.  33.  May  1853.  2  B 


363     Mr.  G.  B.  Jerrard  on  a  Method  of  Transforming  Equatiom. 
Reverting  to  equation  {ej),  let  us  now  take 

and  we  shall  have,  on  eliminating  Q, 

2Dry  +  «S2  +  2b'aS  +  c'n2  =  0;  .  .  .  {e^') 
an  equation  which  is  of  the  same  form  indeed  as  the  preceding 
one  designated  by  (^'2),  but  which  involves  two  additional  inde- 
terminate quantities  /a  and  a.     In  effect 

b'  =  b  +  o-,     c'  =  c  +  2/Li. 

We  see,  then,  that  equation  [eJ')  may  be  reduced  to  the  bino- 
mial form 

2D?  +  aS'2  =  0, {ei") 

by  assigning  such  values  to  o-  and  yu,  as  will  make  b'  and  c'  vanish. 
Again,  if  we  eliminate  P,  R,  and  Q  from  the  third  of  the 
equations  (e),  we  shall  arrive  at  an  homogeneous  equation  of  the 
third  degree  relatively  to  D,  q,  and  S, 

F(D,  ?,  S)3=0, (^3) 

where  F  is  expressive  of  a  rational  and  integral  function. 

It  only  therefore  remains  to  satisfy  the  simultaneous  equations 

Now  if,  assuming  S  =  l,  we  designate  by 

D«+B,05  +  B.2D-*+^..  +B,=0, 
the  final  equation  in  12,  and  by 

9«+Cir/  +  C294+  ..  +Cf,=0, 
that  in  q ;  we  may  without  difficulty  perceive  that 

n  being  equal  to  any  number  in  the  series  1,  2,  3,  4,  5,  6, 
For  let 

q~^  =  q, f2  =  bj 

a. 

then,  since  by  equation  (eg"') 
or  rather 

9n—12n' 

it  follows  that  the  first  members  of  the  equations 
f/+^9^+^V  +  .-  +  &=0, 
..      2Bi  .,     2%  .,  2%     ^ 

must  be  identical.     Now  in  order  that  the  corresponding  coeffi- 
cients in  these  equations  may  be  equal,  they  must  all  of  them  be 
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comprised  in  the  expression 

on  taking  v  successively  equal  to  5,  4,  3,  2,  0.  But  12  and  q 
are  involved  symmetrically  in  equation  (e/')-  There  must 
accordingly  exist  a  parallel  system  of  conditions  derivable  from 
the  equation 

-Dg  \      «     / 

Hence  it  is  manifest  that  the  roots  of  the  final  equation  in  D  or 
q  will  be  expressible  by 

!?u  ?sy  %>     ^P  ^2J  ^3J 
while 

and  that  consequently,  P,  Q,  R  may  all  of  them  be  determined 
by  resolving  equations  of  the  tirst,  second,  and  third  degrees*. 

Long  Stratton,  Norfolk, 
Januan-  14,  1853. 

[To  be  continued.] 

LIX.   On  the  Intensity  and  Quantity  ef  Electric  Currents. 
To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 

PERHAPS  at  the  present  time  a  translation  of  the  terms 
intensity  and  quantity  of  electricity  into  their  equivalents 
in  the  theory  of  resistances  may  not  be  less  acceptable  to  some 
of  your  readers  than  it  has  been  to  me.  I  shall  be  glad  if  the 
following  remarks  appear  to  you  of  sufficient  value  for  insertion 
in  the  Philosophical  ^lagazine. 

I  am,  your  obedient  Servant, 

H.  Bence  Jones. 

Suppose  that  a  hydro-electric  and  a  thermo-electric  current 
produce  the  same  defection  of  the  same  magnetic  needle,  and 
that  an  equal  length  of  wire  is  then  introduced  into  both  circuits. 
The  hydro-electric  current  and  the  additional  wire  may  be  so 
selected  that  no  change  in  the  efiFect  of  the  current  on  the  needle 
will  become  apparent,  whereas  the  thermo-electric  cui-rent  will 
be  considerably  weakened. 

Again,  suppose  that  instead  of  the  wire,  a  voltameter  is  intro- 

*  See  this  Journal  for  June  1845,  vol.  xxvi.  p.  57-3. 
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duccd  iuto  botli  circuits.  By  suitable  arrangements  the  hydro- 
electric current  niav  electrolyse  a  lai'ge  quantity  of  water  in  a 
given  time,  whereas  the  thermo-electric  current  will  not  evolve  a 
single  bubble  of  gas,  however  long  the  action  be  continued. 

Perfectly  similar  phsenomena  may  be  observed  on  comparing 
two  hydro-electric  currents,  one  of  which  arises  from  a  battery 
of  a  great  many  small  elements,  the  other  from  a  battery  of  only 
a  few  laro-e  cells.  The  electro-mao-netic  and  the  electro-chemical 
effect  of  both  may  be  exactly  the  same,  or  even  the  latter  may 
prove  to  be  the  stronger  when  thus  tested ;  and  yet  on  submit- 
ting the  human  body  to  the  former  current  it  may  experience  a 
powerful  shock,  whereas  on  submitting  it  to  the  latter  one  there 
will  not  be  the  slightest  perception  of  pain. 

Puzzled  by  these  contradictory  results,  electricians  had  recourse 
to  the  h\-])othesis  of  two  distinct  qualities,  which  they  assumed 
to  belong  to  every  current,  namely  intensity  and  quantity.  They 
admitted  that  the  electro-magnetic  and  the  electro-chemical 
action  of  the  current  gave  the  measure  of  the  so-called  cpiantity 
of  electricity,  and  the  amount  of  specific  power  to  overcome  any 
obstacle  brought  into  its  path  (in  the  above-mentioned  experi- 
ments, the  additional  length  of  wire,  the  voltameter  or  the  human 
body)  was  designated  by  the  term  intensity.  Thus  it  was 
believed  that  two  currents  of  equal  quantity  might  possess  dif- 
ferent degrees  of  intensity,  and  the  reverse ;  just  as  two  rays  of 
light  of  the  same  colour  may  differ  in  their  intensity. 

By  arbitrarily  assuming  in  each  particular  case  that  the  two 
qualities  of  the  current  were  blended  together  in  different  pro- 
portions, it  was  easy  to  explain  the  differences  which  were 
observed  when  different  currents  were  examined  in  the  same  cir- 
cumstances, or  the  same  current  in  different  circumstances.  The 
gi'eatest  intensity,  and,  in  proportion  to  it,  the  least  quantity, 
were  generally  ascribed  to  the  currents  of  the  electrical  machine 
andof  Zamboni's  pile.  On  the  other  hand, the  least  intensity,  and, 
in  proportion  to  it,  the  greatest  quantity,  were  ascribed  to  thermo- 
electric currents.  In  the  hydro-electric  and  magnieto-electric 
currents  the  quantity  of  electricity  was  said  to  increase  with  the 
size  of  the  elements  of  the  battery,  or  with  the  thickness  of  the 
wire  of  the  coils;  its  intensity,  on  the  contraiy,  was  said  to 
increase  with  the  number  of  the  elements  put  into  action,  or 
with  the  number  of  the  windings  of  the  coil  of  wire. 

It  need  hardly  be  observed,  that  in  the  above-mentioned 
experiments  the  thermo-electric  current  and  the  current  produced 
by  the  battery,  consisting  of  a  few  large  cells,  play  the  part  of 
currents  possessing  little  intensity  and  great  quantity;  whilst 
the  current  of  a  battery  of  a  great  many  small  elements  is  sup- 
posed to  be  endowed  with  great  intensity  and  little  quantity. 
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In  Ohm^s  theory  such  suppositious  are  not  required. 

According  to  this  theory,  two  currents  can  only  diflfcr  in  one 
respect,  that  is,  in  their  strength ;  and  this  strength  is  measured 
by  their  effect  on  the  needle,  and  by  their  electrolytic  action 
during  a  unit  of  time. 

The  strength  of  the  current  in  Ohm^s  theoiy  is  also  called 
intensity,  and  it  is  supposed  to  be  proportional  to  the  quantity 
of  electricity  which  passes  through  any  cross  section  of  the  cir- 
cuit during  the  unit  of  time. 

This  meaning  of  the  word  intensity,  and  the  previous  use  of 
the  same  word,  must  be  carefully  distinguished.  Ohni's  so-called 
intensity  agrees  rather  with  the  meaning  of  the  term  quantity, 
as  above  used,  than  with  that  of  intensity. 

According  to  Ohm,  the  intensity  or  strength  of  a  current 
depends  upon  two  circumstances.  First,  it  is  directly  propor- 
tional to  the  electromotive  force  which  gives  rise  to  the  current, 
and  it  is  indifferent  whether  this  arises  from  chemical  action  or 
from  any  other  cause ;  secondly,  it  is  inversely  pro})ortional  to 
the  resistance  in  the  whole  circuit,  this  resistance  being  the  sum 
of  the  resistances  in  all  parts  of  the  circuit*.  Hence  the  greater 
the  resistance  of  the  circuit  already  is,  the  less  will  the  intensity 
of  the  current  be  diminished  by  any  given  increase  of  the 
resistance. 

By  means  of  this  simple  view  it  is  easy  to  explain  all  the  phe- 
nomena for  which  the  hypothesis  of  different  proportions  in  the 
intensity  and  quantity  of  the  currents  was  assumed.  To  make 
this  more  easily  understood,  it  is  convenient  to  divide  the  resist- 
ance of  every  circuit  into  two  parts. 

One  part  of  the  resistance  belongs  to  that  part  of  the  circuit 
in  which  the  current  is  generated,  that  is,  within  the  battery 
itself.  As  this  part  of  the  circuit  is  indispensably  necessary  to 
the  production  of  the  current,  the  corresponding  part  of  the 
resistance  may  therefore  be  called  the  internal  or  necessary 
resistance.  The  other  part  of  the  resistance  belongs  to  that  part 
of  the  circuit  which  is  not  essential  to  the  production  of  the  cur- 
rent, and  which  is  generally  considered  as  acted  upon  by  the 
current ;  as,  for  example,  the  galvanometer  wire  or  the  volta- 
meter which  may  be  introduced  into  the  circuit  of  the  above- 
mentioned  battery.  This  part  of  the  resistance  may  be  called 
the  external  or  accidental  resistance. 

By  comparing  the  necessary  resistance  in  different  kinds  of 
circuits,  it  may  be  easily  ascertained  that  all  those  currents  to 
which  a  considerable  intensity  in  proportion  to  the  quantify  has 
been  attributed,  arise  from  sources  of  great  necessary  resistance. 
Indeed  in  the  electrical  machine  the  necessary  resistance  is  almost 
*  See  Phil.  Mag.  S.  A.  vol.  iii.  p.  324. 
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infinite.  In  Zamboni's  pile  it  is  extremely  great.  In  hydro- 
electric and  magneto-electric  circuits,  intended  to  give  so-called 
intense  cui-rents,  the  number  of  the  elements  or  of  the  windings 
of  the  coil  must  be  augmented,  the  necessary  resistance  of  course 
increasing  in  the  same  proportion. 

On  the  contrary,  all  those  currents  to  which  a  moderate  or  a 
small  intensity,  in  proportion  to  the  quantity,  has  been  attributed, 
arise  from  sources  of  small  necessary  resistance.  This  is  the 
case,  for  example,  with  thermo-electric  currents.  And  in  order 
to  increase  the  quantity  of  hydro-electric,  or  magneto- electric 
cm-rents  in  proportion  to  their  intensity,  the  size  of  the  cells  in 
the  fii'st  case,  or  the  diameter  of  the  wre  in  the  other  case,  must " 
be  increased. 

If  two  circuits  are  taken  of  very  unequal  necessary  resistances 
with  electromotive  forces  differing  in  the  same  proportion  as  the 
necessary  resistances,  whilst  the  accidental  (external)  resistances 
are  imperceptible  or  also  proportional  to  the  necessary  resistances, 
then  the  intensity  (strength)  of  the  currents  in  these  two  circuits 
will  be  exactly  the  same,  and  will  remain  so  as  long  as  the  elec- 
tromotive force,  the  necessary  and  the  accidental  resistances, 
vary  in  the  same  proportion.  This  is  exemplified  in  the  case 
first  mentioned,  in  which  a  hydro-electric  and  a  thermo-electric 
current  produce  the  same  effect  on  the  magnetic  needle.  This 
occurs  notwithstanding  the  greater  necessary  resistance  of  the 
hydro-electric  circuit,  because  of  its  greater  electromotive  force. 
That  the  electromotive  force  is  greater  is  easily  demonstrated  by 
making  the  currents  from  the  two  sources  oppose  one  another  in 
the  same  circuit,  when  tiie  current  of  the  hydro-electric  source 
will  be  paramount.  It  is  evident  that  in  this  case  the  sum  of 
the  resistances  which  each  current  has  to  overcome  is  the  same. 

Thus,  according  to  Ohm's  theory,  two  currents,  although 
produced  by  soui'ces  of  different  electromotive  force,  may  be 
quite  identical  in  their  action,  pi'ovided  the  resistances  of  the 
two  circuits  bear  to  each  other  the  same  proportion  as  the  two 
electromotive  forces.  It  will,  however,  be  found  that  an  immense 
difference  exists  in  two  such  circuits  whenever  the  proportion  of 
the  resistances  is  changed,  or  whenever  an  additional  resistance 
is  added  to  both  circuits.  \Mien  the  necessary  resistance  of  one 
of  the  circuits  is  very  large,  a  considerable  additional  resistance 
may  be  added  to  it  without  any  great  change  in  the  whole  sum 
of  the  resistances  being  produced ;  accordingly  the  current  will 
not  experience  any  considerable  loss  of  intensity,  the  magnetic 
needle  will  be  deflected  almost  as  much  as  it  was  before,  and  a 
conducting  body  introduced  into  the  circuit  will  be  acted  upon 
with  energy.  In  short,  the  current  arising  from  a  source  of 
great  necessaiy  resistance  will    seem    to    overcome   easily  the 
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additional  resistance  brought  into  its  path.  It  will  appear  to  be 
an  intense  current  according  to  the  older  mode  of  expression. 

On  the  other  hand,  when  the  same  conducting  body  is  intro- 
duced into  a  circuit  of  small  necessary  resistance,  the  whole  sum 
of  the  I'esistances  of  the  circuit  may  be  greatly  increased  by  the 
addition  of  the  fresh  resistance  to  the  original  necessary  resist- 
ance ;  and  as  a  consequence,  the  current  will  be  diminished  in 
the  same  proportion.  The  magnetic  needle  will  return  to  the 
zero-point,  and  the  remaining  current  will  produce  no  effect  on 
the  conducting  body.  In  short,  the  current  arising  from  a 
source  of  small  necessary  resistance  will  appear  unable  to  over- 
come the  additional  resistance  brought  into  its  path.  We  have 
here  a  current  of  small  intensity  according  to  the  older  mode  of 
expression. 

If  it  be  now  granted  that  Ohm's  theory  gives  an  explanation 
of  the  phsenomena  which  heretofore  have  been  explained  by  the 
hypothesis  of  two  different  qualities  in  the  electric  current,  then 
as  it  is  one  of  the  first  and  most  important  principles  of  induc- 
tive science  not  to  assume  two  causes  for  any  effect  when  one  is 
sufficient,  and  not  to  assume  without  the  most  urgent  necessity 
the  existence  of  new  qualities,  it  appears  desirable  to  lay  aside 
the  older  hypothesis  of  intensity  and  quantity,  and  to  adopt  instead 
Ohm's  theory  of  sources  of  electricity  having  different  degrees  of 
necessary  resistance. 


LX.  A  Proof  that  all  the  Invariants  to  a  cubic  Ternary  Form 
are  Rational  Functions  of  kxovihoX^'^ Invariants  and  of  a  cognate 
theorem  for  biquadratic  Binary  Forms.  By  J.  J.  Sylvester, 
F.R.S. 

[Continued  fi-om  p.  303.] 

NOW  let  us  proceed  to  Aronhold's  famous  S  and  T,  the  in- 
variants to  the  general  cubic  function  {x,  y,  zY,  forms 
equally  dear  to  the  analyst  and  geometer.  (Vide  ]\Ir.  Salmon's 
Higher  Plane  C\\v\c%  passim.) 

The  method  will  be  precisely  the  same  as  that  applied  to  sand^*. 
We  commence  with  the  canonical  form 
x^  +  y^ -{- z^  ■\-  6m  xyz. 
On  substituting  x-\-y-^z,  x+py-\-p^z,  x  +  p^y  +  pz  for  x,  y,  z, 
where  p  is  the  cube  root  of  unity,  the  above  quantity  takes  the 
form  (3  _^  6p/)  (^3  ^_  ^a  _^ ^  ^  6^(,„)  _  ^_,/_)^ 

where  ^,    ,  _  186  — 18m _  \—m 

f^^"^>-  6(3  + 6m)  ~l+2m' 

*  The  s  is  Mr.  CiiyU'y's  property,  the  f  belongs  to  Professor  Boole, 
having  been  by  him  imparted,  in  the  infancy  of  the  theory,  to  Mr.  Cayley, 
by  whom  it  was  first  given  to  the  worhl.  at  least  in  its  character  as  an 
Invariant. 
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a  periodic  function  in  (m)  of  the  second  order  only  for 
^,  l+2m  —  i+m 

\+2m+2—2m 
But  if  we  write  for  w  in  the  original  form  px,  it  becomes 

a,^  +  y^  +  z^  +  Qpmxyz ; 
and  if  for  x  we  write  p^x,  it  becomes 

a'^  +  y^  +  ^^  +  Gp'^mxijz. 
Hence  we  can  by  linear  substitutions  obtain  from  x^  +i/^  +  2^ 
+  Qmxyz  the  three  additional  forms 

^^  +  2/^  +  ^  +  6/3{m)xyz, 
x^  +  y^  +  z^  +  Syijn )  xyz, 
cr^  +  2/^  +  5r^  +  6S  (?n)  xyz, 


when 


kZ^  .A,..\^rfi^-P'''     -- £ 


— m 


B{m)^s. --,      ry(m)s=p'^- ^--  =  -T     ^ — , 

'^^    -*      l+2m'      ^^    ^     ^  l+2pm      \+2pm' 
^,    .  l—phn  p—m 

In  all^  there  will  be  twelve  values  of  m  forming  three  remarkable 
compound  cycles^ 

}n,      ^{m),     y{m),      8{m), 

pm,    p^{m),    py{m),    pS{m), 

p^m,  p'^/3{}7i),  p'^rim),  p'^8{m). 

It  would  be  beside  my  present  object  to  seek  to  develope  fully 
the  functional  relations  in  which  the  several  terms  of  these  cycles 
stand  to  one  another  :  the  interesting  relations 

yS{m)  =  8y{7n)  =^{7n) 
8y8(m)  =  /3S(m)=7(m) 

have  been  already  stated  by  me  in  another  place  (Camb.  and 
Dub.  Math.  Journ.,  March  1851  *). 

The  (S)  of  the  canonical  form  corresponding  to  the  S  of  the 
general  form  is  m  —  ?/<'* ;  and  the  (T)  corresponding  to  the  T  of  the 
general  form  is  1  —  20m^  —  Stn^.  (See  my  Calculus  of  Forms^ 
Camb.  and  Dub.  Math  Jom-n.,  Feb.  1852.)  It  is  my  object  to 
show  that  any  other  invariant  (I)  to  the  canonical  form  must  be 
a  rational  function  of  S  and  T. 

In  the  first  place,  I  observe  that  every  invariant  to  any  func- 
tion of  an  odd  degree  i  of  any  odd  number  q  of  variables  must 

*  Vide  Addendum. 
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be  of  even  dimensions ;  for  if  the  degree  of  tlie  dimensions  be 

(</),  and  D  the  determinant  of  the  coefficients  of  substitution, 

the   invariant  to  the  transform  becomes  the  original  invariant 

'!L  in 

affected  with  a  factor  Dp ,  where  —  must   be   an   even   intecrer, 

P  .    . 
since  otherwise  the  sign  of  this  multiplier  would  be  equivocal  and 

indeterminable ;  hence  when  i  and  p  are  both  odd,  q  must  be 
even.  Thus,  then,  I(m)  in  the  case  before  us  must  be  an  even- 
degreed  function  of  m.  IMoreover,  since  the  change  of  x  into  px 
converts  minto  pm,  and  I,(ot)  into  p'^ijn)  [for  D  becomes  p  when 
X,  y,  z  become  px,  y,  z\,  \q{ni)  must  be  of  the  form  <pim^), 
jn^<f){m)'-^,  m^(f>{m)''^,  according  as  the  index  (q)  is  of  the  form 
6i,  6i  +  2,  ei  +  4. 

By  precisely  the  same  reasoning  as  was  applied  to  the  pre- 
ceding case  of  (5)  and  (/),  we  see  that  any  invariant  of  m  which 
contains  m''  must  also  contain  (1 — my,  (1  —  p^Y,  (1 — p^mY) 
i.  e.  must  contain  {m  —  m^)',  which  in  fact  is  (S)*^.  If,  now,  we 
consider  any  invariant  of  the  qih.  degree  in  (;n)  \{m),  and  sup- 
pose it  to  be  other  than  a  rational  function  of  (S)  and  (T), 
and  if  we  take  (/a)  to  denote  the  number  of  the  solutions  of 
•ix-\-Qy=q,  it  will  follow  that  we  may  form  an  invariant  \'{m), 
which,  when  q  is  of  the  form  12?  or  122  4-6,  will  contain  m,  and 
consequently  (m  — m'*)^^+-  as  a  factor;  and  in  like  manner  when 
q  is  of  the  form  \2i-\-2  or  12?  +  8,  will  contain  (;h  — ??i'*)¥+2  as 
a  factor ;  and  when  q  is  of  the  form  12i  +  4  or  1 2i  + 10  will  con- 
tain [m  —  m'^Y^'^^  as  a  factor.     Now 

when  </  =  12z         /i,  =  /+l 

(y  =  12i  +  6  /Lt  =  z  +  1 ; 
when 

q  =  V2i-^2     fi  =  i, 

q=l2i  +  S      /J.  =  i+l; 
when 

q=zl2i+lO  fji  =  i+l 

ry  =  12z  +  -i     jtt  =  i  +  l. 
Hence  the  factors  dividing  I,  in  these  several  cases  will  be  of  the 
respective  degrees 

12?+ 12,  12e-|-12;     12i  +  8,   12/+ 12;     12?+ 16,  12/+ 16; 
corresponding  to  {q),  being  of  the  several  values 

12/,  12/  + 6;     12/  + 2,  12/ +  8;     12/+ 10,  12/ +  4; 

which  is  clearly  impossible.  This  proves  the  theorem  in  question 
(the  passage  being  made  from  the  canonical  to  the  general  form, 
as  in  the  former  part  of  this  investigation),  to  wit,  that  S  and  T 
form  what  I  have  elsewhere  termed  a  fundamental  scale  of  iuva- 


370  Mr.  J.  J.  Sylvester  on,  Aronhold's  Invariants. 

riauts  to  tlie  cubic  tcruary  form,  entering  as  the  exclusive  ingre- 
dients into  every  other  invariant  that  can  be  derived  from  such 
form. 

A  word  of  Nvarniug  is  necessary  before  I  lay  down  my  pen ; 
that  there  can  be  only  two  algebraically  independent  invariants 
to  [x,  ijY  or  {x,  y,  zY,  is  an  immediate  consequence  of  the  ca- 
nonical form  of  each  having  but  one  parameter;  so  in  general  there 
can  be  at  most  but  («— 2)  absolutely  independent  invariants  of 
{x,i/)";  but  the  point  establislied  in  the  preceding  investigation 
goes  to  show  that  there  can  exist  no  other  invariants  than  such 
as  are  rational  functions  of  s  and  t  in  the  one  case,  and  S  and  T 
in  the  other.  I  shall  take  some  other  occasion  to  establish  a 
similar  conclusion  for  the  forms  {x,  y)^  and  {x,  y)^. 

I  have  shown  that  there  exist  three  invariants  to  the  one  of  the 
degrees  4,  8,  12,  and  four  to  the  other  of  the  degrees  2,  4,  6,  10  j 
and  I  shall  demonstrate  that  any  other  invariant  to  either  form 
must  be  a  rational  function  of  those  above  stated.  For  the  cubic 
form  {x,  yY  we  know  that  there  is  but  one  invariant,  viz.  its  dis- 
criminant. Thus,  then,  for  w  =  3,  n  =  4,  w  =  5,  w  — 6  the  number 
of  absolutely  independent  invariants  is  w— 2,  and  the  number  of 
linearly  independent  invariants  is  no  greater.  But  this  result  is 
by  no  means  generally  true.  It  may  be  proved  by  means  of  a 
great  law  of  reciprocity*  which  I  myself  originated,  but  unfor- 

*  The  theorem  of  reciprocity  alluded  to  in  the  text  is  the  following  : — 
If  to  any  function  {x,  3/)"  there  exists  an  invariant  of  the  order  m  in  the 
coefficients,  then  to  {x,  y)'"  there  exists  an  invariant  of  the  order  (w)  in  the 
coefficients  ;  or  more  generally,  which  is  M.  Hermite's  addition,  if  to  any 
system  of  functions  {x,  y)"i,  (x,  y)"-2,  . .  .  {x,y)"^  there  exists  an  invariant  of 
the  several  cUmensions  /nj,  mj, .  .  .  wij  in  the  respective  sets  of  coefficients, 

then  conversely  to  a  system  {x,  y)'"i,  {x,  y)^2,  .  .  .  {x,  y)'"'  there  exists  an 
invariant  of  the  dimensions  n^,  n-i,  . . .  n^  in  the  I'cspective  sets  of  coefficients. 
I  had  previously  shown  in  this  Magazine  that  Mr.  Cayley's  formulae 
for  finding  the  number  of  biquadratic  invariants  to  any  fimction  {x,  y)'"; 
given  in  that  remarkable  paper  of  his  on  linear  transformations  in  the  Cam- 
bridge and  Didjlin  Mathematical  Jom-nal,  where  first  dawned  upon  the  world 
the  clear  and  full-formed  idea  of  invariants  (the  most  oi'iginal  and  important 
infused  into  analysis  since  the  discovery  of  fluxions),  could  be  expressed  by 
means  of  the  number  of  solutions  of  the  equation  in  integers  2x-^'Sy=-n, 
the  square  of  the  quadratic  invariant  (which  only  exists  for  even  values  of  n) 
counting  for  one  in  the  fundamental  biquadratic  scale ;  this  is  of  course  a 
dii'ect  consequence,  through  the  law  of  reciprocity,  of  the  fundamental 
scale  to  {x,  yY  consisting  of  a  quadratic  and  a  cubic  invariant.  My  dis- 
covery of  the  fundamental  scale  of  invariants  to  {x,  yf  and  (x,  yY  now 
enables  us,  through  the  same  law  of  reciprocity,  to  express  the  number  of 
distinct  Quintic  and  Sextic  invariants  to  {x,  y)»,  viz.  as  being  the  number  of 

integer  solutions  ofx-^2y-\-3z:=-  in  the  one  case,andof  a?+2y-j-3z+5/=- 
in  the  other. 
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tunately  threw  aside,  and  which  M.  Hermite  has  since  demon- 
strated, that  there  are  more  than  five  linearly  independent 
invariants  to  {x,  yY,  and  more  than  ten,  in  fact  twelve  at  least, 
to  {x,  ^y^ ;  that  is  to  say,  it  is  impossible  in  the  latter  case  to 
find  ten  of  which  all  the  rest  shall  be  rational  functions,  although 
an  algebraical  equation  connects  any  11.  So,  again,  if  we  take 
a  si/stem  of  two  cubic  equations,  there  are  only  five  absolutely 
independent  invariants ;  but  there  are  not  less  than  seven  linearly 
independent  fundamental  invariants,  of  which  any  other  invariant 
must  be  a  rational  function.  In  fact,  if  we  take  for  our  two  cubics 

V  =  ax^  +  Sbx-y  +  Scxy^  +  df 

V  =  aa^  +  ?>^xhj  +  37V  +  hf, 

the  (5)  coeflScients  of  the  powers  of  \  in  the  discriminant  of 
U  +  A,V,  each  of  which  is  of  four  dimensions  in  the  two  sets  of 
coefficients  combined,  are  all  invariants  of  the  system ;  but  there 
will  be  besides  two  more,  one  of  which  is  a  Combinant  of  six 
dimensions,  being  the  resultant  of  U  and  \ ;  .the  other  is  a  Com- 
binant of  two  dimensions  only,  viz.  aS  —  3by  +  Sc/3—da.  These 
seven  together  form  the  fundamental  constituent  scale. 

The  two  last-mentioned  may  be  expi-essed  algebraically  (by  the 
introduction  of  square  roots)  as  functions  of  the  other  five,  but  of 
course  not  as  rational  functions  of  the  same.  My  attention  was 
more  particularly  called  to  the  search  of  a  proof  of  the  complete- 
ness of  the  Aronholdian  system  of  invariants,  by  an  inquiry  as  to 
the  possibility  of  rigidly  demonstrating  that  there  could  exist 
no  others  not  made  up  of  these,  addressed  to  me  in  the  spring  of 
last  year  by  one  of  the  most  gifted  geometers  of  this  or  any  other 
country.  A  morning  or  two  after  the  inquiry  reached  me,  in  a 
walk  before  breakfast  by  the  side  of  the  ornamental  water  in 
St.  James's  Park  (a  time  and  place  by  no  means,  according  to  my 
experience,  unfavourable  to  the  inspirations  of  the  Analytic  muse), 
I  had  the  satisfaction  of  falling  upon  the  vdihev piqua/it  demon- 
stration above  given,  which  essentially  rests  u])on  a  principle, 
requiring  no  harder  exercise  of  faith  than  the  concession  of  the 
impossibility  of  a  greater  being  contained  in  or  proceeding  out 
of  a  less. 

7  New  Square,  Liacoln's  Inn, 
March  1853. 


E}Tafum, 

In  the  first  part  of  this  paper  given  last  month  there  is  an 
error  of  calculation  (not,  however,  aftecting  the  result  of  the 
reasoning)  in  the  last  paragraph  of  page  302.     The  cases  of 
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qz:i6i  +  o  and  (j  =  6i  +  'd  should  be  combined^  and  the  two  con- 
cluding ])aragraphs  in  page  302  will  then  read  as  follows : — 

If  (j  =  6i  +  i)  or  =6i  +  3,  /ji,=i  +  l ;  and  the  factor  (m^  — 7«)^'*"*'' 
is  of  the  degree  6? +  9,  ?'.  e.  in  each  case  greater  than  {q),  which 
is  absurd. 

Addendum. 

O??  the  nature  of  the  three  Cycles  of  four  terms  each  which  contain 
the  twelve  values  of  the  parameter  to  the  canonical  form  of  a 
cubic  function  of  three  variables. 

The  equations  given  in  the  text  show  that  each  term  in  any" 
one  cycle  is  a  periodic  function  of  the  second  order  of  each  other 
term  in  the  same  cycle.  Moreover,  it  may  be  shown  that  each 
term  in  any  one  cycle  is  a  periodic  function  of  the  third  order  of 
every  term  in  either  of  the  other  two  cycles ;  a  sort  of  relation 
between  the  cycles  taken  per  se,  and  with  one  another  precisely 
the  inverse  of  what  obtains  (as  alreadj^  shovsii)  for  the  two  cycles 
of  three  terms,  each  containing  the  six  values  of  the  parameter 
to  the  biquadratic  function  of  two  variables.  For  as  regards 
that  case,  it  was  shown  in  the  first  part  of  this  paper  that  the 
terms  in  the  same  cycle  are  periodic  functions  of  the  third  order 
of  one  another,  and  of  the  second  order  of  each  of  those  not  in 
the  same  cycle  with  themselves. 

If  we  make 

—  A       1~^^   _  R       p'—m    _^,         p—m     _j. 
'"'"         l+2m~         l+2pm~         l+2p^m~ 
pA=A'      pB  =  B'  pC  =  C'  pD=D' 

p2A  =  A"     pm  =  B"  p'-C  =  C"  p''D  =  -D". 

The  following  table  will  exhibit  all  the  ternary  periods  that 
can  be  foi-med  between  the  terms  of  the  several  cycles  : — 

(1)  A  B'  D"       (4)  B  A'  C"       (7)  C  A'  D"      (10)  D  A'  B" 

(2)  A  C  B"       (5)  B  C  D"       (8)  C  B'  A"      (11)  D  B'  C" 

(3)  A  D'  C"       (6)  B  D'  A"       (9)  C  D'  B"      (12)  D  C  A". 
For  instance,  as  an  example  of  the  meaning  of  the  table,  take 

line  (8),  viz.  C,  B',  A".  This  indicates  that  A"  is  formed  from 
B'  and  C  from  A"  in  the  same  way  as  B'  from  C,  and  of  course 
A"  from  C  in  the  same  way  as  C  from  B'  and  B'  from  A",  &c.  By 
means  of  this  table  it  will  easily  be  seen  that  a  term  in  each  of 
two  cycles  being  given,  the  term  in  the  third  which  forms  with 
the  given  two  a  ternary  period  may  immediately  be  assigned. 

The  remarks  which  I  have  to  add  on  the  nature  of  the  equa- 
tions for  finding  the  parameter  (?«),  as  well  for  (x,  yY  as  for 
{x,  y,  zY,  will  be  given  hereafter. 

[To  be  continued.] 
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LXI.  O71  some  supposed  Crystals  of  Trona.  Bij  Henry  James 
Brooke,  Esq.,  F.R.S.  c^c.  JVith  an  Analysis  by  Mr.  Allax 
Dick,  Metallurgical  Laboratory,  School  of  Mines^- . 

I  WAS  favoured  some  mouths  since  by  Mr.  Bollaert  witli  some 
crystals  of  this  form,  which  were  found 
with  glauberite  and  hayesinc  at  Tarapaca. 
On  comparing  the  angle  of  the  edges  ab  with 
that  of  the  faces  r't  of  Trona,as  given  atp.  598 
of  the  new  edition  of  Phillips^s  Mineralogy, 
the  two  angles  were  found  to  agree  so  closely 
as  to  lead  to  the  conclusion  that  the  Tarapaca  crystals  might  be 
trona.  They  have,  however,  since  been  analysed  at  the  School  of 
j\Iiues,  and  are  found  to  be  thenardite.  The  faces,  also,  cc',  dd' 
have  been  measured  by  Professor  ]\Iiller,  and  the  angles  found  to 
agree  very  nearly  with  those  of  corresponding  faces  of  thenardite. 
No  faces,  however,  which  would  truncate  the  edges  ab  of  the  Tara- 
paca crystals  have  yet  been  observed  on  crystals  of  thenardite ;  but 
as  the  indices  of  such  faces  would  be  530,  their  occurrence  is  not 
improbable.  Whether  this  agreement  of  angle  between  particular 
faces  on  crystals  belonging  to  two  different  systems  of  crystal- 
lization, of  which  a  few  other  instances  have  been  noticed,  is 
merely  accidental,  or  is  the  result  of  some  at  present  unknown 
law,  is  a  matter  which  requires  further  investigation. 

Analysis. 

2"  73  grs.  were  dissolved  in  water  acidulated  with  hydrochloric 
acid.  Insoluble  siliceous  matter  was  separated  by  filtration, 
which  after  ignition  weighed  0*06  gr. 

Chloride  of  barium  was  added  to  the  filtrate.  The  precipitate 
of  sidphate  of  baryta  weighed  4"39. 

The  excess  of  baryta  in  the  filtrate  was  removed  by  carbonate 
of  ammonia,  and  the  soda  determined  as  chloride  of  sodium,  of 
which  the  weight  was  2*  18. 

1"27  gr.  heated  in  a  tube  gave  only  a  trace  of  water,  but  a 
violet  vapour  was  evolved  which  condensed  into  minute  crystals 
of  iodine,  which  furnished  the  characteristic  reaction  with  starch  f. 

Neither  nitric  acid,  lime  nor  magnesia  were  present  in  sensible 
quantity. 

Results 


tabulated  : — 

Oxygen 

Soda     .... 

42-37 

10-83 

Sulphuric  acid 

5511 

32-98 

Insoluble  residue 

219 

99-67 
Hence  the  formula  is  NaO,  SO"*. 

*  Communicated  by  the  Authors. 

[t  The  evolution  of  iodine  by  heat  is  interesting.  Various  saline  products 
from  the  same  district  have  been  examined  in  the  metallurgical  laboratory 
by  Mr.  Dick,  and  all  found  to  yield  traces  of  iodine.  The  pecidiar  odour 
evolved  by  hayesine  is  probably  due  to  the  slow  evolution  of  iodine  by 
exposure  to  the  atmosphere.  It  seems  not  unlikely  that  a  supply  of  ioiline 
may  be  obtained  from  the  above-mentioned  ]iroduets. — J.  Percy.] 
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LXII.  Notices  respecting  New  Books. 
The  Principles  of  Mechanical  Philosophy  applied  to  Industrial  Me- 
chanics.    By   Thomas   Tate,    F.R.A.S.       London  :     Longman, 
Brown,  Green  and  Longmans.   1853. 

A  BOOK  containing  342  images  so  usefully  filled  it  has  rarely 
been  our  lot  to  peruse.  The  matter  is  well-chosen,  well-ar- 
ranged, and  treated  in  a  manner  which  pi'oves  how  thoroughly  com- 
petent the  author  is  to  execute  the  task  which  he  has  undertaken. 
A  considerable  portion  of  the  work  is  devoted  to  questions  of  the 
highest  practical  importance.  It  is  hardly  generous  to  take  ex- 
ception to  a  single  passage  of  so  excellent  a  volume,  yet  we  cannot 
help  thinking,  that,  in  reference  to  the  loss  of  work  alluded  to  in 
page  187,  Mr.  Tate  is  unconsciously  transmitting  an  opinion  belong- 
ing to  an  epoch  of  science  which  he  has  evidently  left  behind  him. 
Even  here,  however,  he  might  retort  that  the  fallacy  of  the  said 
opinion  is  not  yet  universally  acknowledged.  The  exercises  ap- 
pended to  each  section  of  the  book  cannot  fail  to  enhance  its  value 
to  both  teacher  and  student. 

LXIII.  Proceedings  of  Learned  Societies. 

ROYAL  SOCIETY. 

[Continued  from  p.  218.] 
Feb.  10,T"^HE  following  papers  were  read: — 

1853.  -*-  1.  "  On  the  determination  of  the  Mean  Temperature 
of  every  day  in  the  year,  as  deduced  from  the  Observations  taken 
at  the  Royal  Observatory,  Greenwich,  in  the  Years  from  1814  to 
1851."     By  James  Glaisher,  Esq.,  F.R.S. 

This  paper  has  for  its  object  the  determination  of  the  true  distri- 
bution of  heat  over  the  year,  and  is  based  upon  an  extensive  series  of 
obser\^ations  taken  at  the  Royal  Observatory  during  thirty-eight  years. 
In  order  to  obtain  a  correct  determination  of  the  mean  daily  tem- 
perature of  each  month,  necessary  to  the  propose!  object,  the  author 
at  the  commencement  of  his  memoir  explains  how  the  entire  series 
of  observations  has  been  divided  into  groups,  according  to  the  re- 
corded times  of  observation,  for  the  purpose  of  applying  the  neces- 
sary corrections  calculated  from  his  tables  of  Diurnal  Range,  published 
in  the  Phil.  Trans,  for  1848.  Having  carefully  explained  his  method 
of  arranging  and  testing  his  data,  and  providing  for  exceptional  days, 
upon  which  but  few  observations  were  recorded,  the  author  gives 
the  results  in  twelve  separate  tables,  which  exhibit  the  mean  daily 
temperatures  of  every  month  in  each  of  the  thirty-eight  years.  In  a 
note  to  the  table  for  each  month  are  given  : — 1.  The  mean  tempe- 
rature of  the  coldest  day  of  that  month,  with  the  day  of  the  month 
and  the  year,  from  1814  to  1851  ;  2.  the  mean  temperature  of  the 
hottest  day  of  that  month,  with  the  day  of  the  month  and  year,  and 
the  extreme  difference  of  mean  temperature  of  two  days  in  that  month; 

3.  The  day  of  the  month  on  which  the  mean  temperature  was  sub- 
jected to  the  greatest  change,  with  the  minimum  and  maximum 
mean  temperatures,  the  year  of  the  minimum  and  of  the  maximum ; 

4.  the  day  of  the  month  on  which  the  mean  temperature  was  sub- 
jected to  the  least  change,  with  the  minimum  and  maximum  mean 
temperatures,  the  year  of  the  minimum  and  of  the  maximum.  These 
resists  are  embodied  in  the  opposite  table : — 
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The  author  then  treats  of  the  method  adoi^ted  to  deduce  the  most 
probable  true  mean  temijcrature  due  to  everj-  day  in  the  year ;  and 
concludes  his  paper  by  observing  that  there  are  periods  of  some  dura- 
tion which  are  very  remarkable  on  account  of  the  difficulty  of  as- 
signing a  physical  cause  for  the  anomalies  apparent  in  the  mean 
temperature.  Starting  from  the  lowest  temperature,  in  January,  it 
increases  till  the  beginning  of  March,  when,  between  the  3rd  and 
10th,  not  only  is  the  increase  checked,  but  there  is  a  remarkable 
depression  of  temperature.  After  the  10th,  the  increase  proceeds 
and  is  very  rapid  towards  the  end  of  April  and  the  beginning  of  !May  ; 
this  rajjid  increase  is  rather  suddenly  checked,  and  followed  by  a 
period  of  cold  towards  the  middle  of  May  :  this  period  is  very  marked. 
As  remarkable  a  depression  of  temperature  at  this  time  of  the  year" 
seems  to  have  taken  place  in  France,  having  been  noted  in  Paris 
and  at  various  localities,  some  situated  near  the  coast ;  but  it  does 
not  appear  that  the  equally  remarkable  rise  at  the  end  of  April  has 
been  noted.  After  the  middle  of  May  the  numbers  steadily  increase 
till  the  oth  of  July,  when  they  attain  their  maximum  value.  The 
decline  in  the  temperature  towards  the  end  of  July  is  followed  by 
an  increase  at  the  beginning  of  August,  after  which  the  decline  of 
temperature  is  very  regular  till  towards  the  end  of  November,  when 
a  sudden  and  considerable  increase  of  temperature  takes  place  ;  after 
this  the  curve  declines  to  its  lowest  point  on  the  Sth  of  January. 

2.  "  On  the  periodic  and  non-periodic  variations  of  Temperature 
at  Toronto  in  Canada  from  1841  to  18.52  inclusive."  By  Colonel 
Edward  Sabine,  R.A.,  Treasurer  and  Vice-President  of  the  Royal 
Society. 

The  principal  object  of  this  communication  is  to  make  known  the 
non-periodic  variations  of  temperature  for  every  day  in  the  twelve 
years,  from  1841  to  1852  inclusive,  atToi'onto  in  Canada.  The  non- 
])eriodic  variations  are  those  differences  of  the  temperature  from  its 
mean  or  normal  state  which  remain  after  all  the  known  periodical 
variations  are  allowed  for,  and  are  such  as  are  generally  accompanied 
by  peculiarities  of  wind  or  of  other  meteorological  circumstances. 
Recent  investigations  have  led  to  the  inference  that  opposite  condi- 
tions of  weather  prevail  simultaneously  in  the  same  parallels  of  lati- 
tude under  different  meridians,  and  that  in  particular  Europe  and 
America  usually  present  such  an  opposition,  so  that  a  severe  winter 
here  corresponds  to  a  mild  one  there,  and  vice  versa  ;  and  recent 
theories  of  the  distribution  of  heat  on  the  surface  of  the  globe  pro- 
fess to  furnish  the  explanation.  To  place  the  facts  on  indisputable 
ground,  it  is  requisite  that  a  comparison  should  be  made  of  unex- 
ceptionable records  of  the  non-periodic  variations  in  Europe  and 
America,  continued  for  a  sufficient  time  to  afford  a  proper  basis  for 
inductive  generalisation.  Toronto,  from  its  latitude  43°  40'  N.  and 
inland  situation,  is  well  suited  to  supply  such  a  comparison  with 
stations  in  the  middle  parts  of  Europe  M'here  similar  records  have 
been  kept ;  and  the  twelve  years  embraced  by  the  observations,  viz. 
1841  to  1852,  have  been  years  of  unusual  meteorological  activity  in 
Europe. 
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Details  are  given  in  the  commencement  of  the  paper  showing  the 
care  bestowed  on  the  examination  of  the  thermometer  employed, 
with  a  standard  divided  "  a  I'tchelle  arbitraire,"  by  the  method  of 
M.  Regnault ;  as  well  as  the  j)recautions  adopted  for  its  fair  ex- 
posure, and  for  its  protection  from  rain  and  radiation.  The  obser- 
vations were  made  by  the  non-commissioned  officers  of  the  detach- 
ment of  the  Royal  Artillery  employed  in  the  duties  of  the  obser- 
vatory. 

The  period  of  twelve  years  comprises  two  series,  in  one  of  whicli  the 
thermometer  was  observed  hourly,  and  in  the  other  less  frequently, 
each  observation  in  the  second  series  receiving  however  a  correction 
to  the  mean  temperature  of  the  day  furnished  for  every  hour  and 
every  day  of  the  year  by  the  first  series.  The  two  series,  each  of 
six  years,  are  separately  discussed  ;  from  the  first  series  equations 
are  derived  from  the  mean  monthly  temperatures  by  the  m.ethod 
suggested  by  Bessel  (Astron.  Nach.  No.  136),  whereby  the  most 
probable  values  of  the  temperature,  on  every  day  and  every  hour, 
are  computed  corresponding  to  the  whole  body  of  the  observations. 
These  the  author  regards  as  approximate  normal  values,  and  by 
comparing  with  them  the  actual  daily  temperatures, — which  in  the 
first  six  years  are  the  means  on  each  day  of  twenty-four  equidistant 
observations,  and  in  the  second  six  years  the  means  of  all  the  obser- 
vations made  on  each  day,  each  observation  having  been  corrected 
for  the  hour  in  the  manner  described, — the  non-periodic  variations 
for  every  day  in  the  year  are  obtained  and  are  given  in  a  table. 

From  the  approximate  normal  temperatures  the  author  has  repre- 
sented in  a  Plate  the  phenomena  of  the  temperature  at  Toronto,  ac- 
cording to  a  method  which,  if  applied  to  the  different  meteorological 
elements  and  in  different  localities,  might,  he  thinks,  materially  facili- 
tate their  intercomparison.  This  method,  in  which  three  variables  are 
represented,  one  being  dependent  on  the  other  two,  is  essentially  the 
same  that  has  been  long  used  in  magnetic  maps,  and  in  the  ordinary 
isothermal  maps  ;  from  which  latter  however  it  diflfers  in  this  respect, 
that,  whereas  in  the  ordinary  isothermal  maps  the  two  variables  on 
which  the  variation  of  temperature  is  dependent  are  the  geographical 
latitude  and  longitude,  in  the  present  case  the  two  variables  are  the 
hour  of  the  day  and  the  day  of  the  year.  The  variation  of  tempe- 
rature is  here  referred  therefore  to  tiriie  and  not  to  space ;  a  distinc- 
tion which  the  author  proposes  to  convey  by  employing  the  term 
Chrono-Isothermals,  as  applicable  to  lines  of  this  description.  From 
the  delineation  in  the  Plate,  and  from  the  tables  contained  in  the 
paper,  many  characteristic  and  some  jjcculiar  features  of  the  climate 
and  meteorology  of  the  part  of  the  North  American  Continent  in 
which  Toronto  is  situated,  are  readily  perceivable.  Several  instances 
are  pointed  out;  amongst  these  may  be  noticed  the  peculiar  ano- 
maly of  the  North  American  winter,  which  is  very  conspicuous  in 
the  Plate  ;  and  the  absolute  as  well  as  relative  variabilily  of  the  tem- 
perature at  different  seasons  of  the  year,  exhibited  by  means  of  a 
numerical  index  analogous  to  the  probable  error  of  the  arithmetical 
mean  of  a  number  of  partial  results,  and  deduced  in  a  similar  man- 
ner from  the  differences  of  individual  years,  moilths,  and  days,  from 
P/«7.  Mag.  S.  4.  Vol.  5.  No.  33.  May  1853.  2  C 
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their  mean  values :  whence  it  appears,  in  respect  to  the  annual 
temperature,  for  example,  that  in  any  particular  year  there  is  an  equal 
probability  that  its  mean  temperature  will  fall  within  the  limits  of 
4o'^"8  and  44°-6,  as  that  it  will  exceed  those  limits  on  either  side. 

Finally,  the  author  has  shown  the  "  Thermic  Anomaly"  (as  it  has 
been  recently  termed)  of  the  monthly  and  annual  temperatures  at 
Toronto  by  comparison  with  the  normal  temperatures  computed  by 
Dove  (Verbreitung  der  Wiirme,  1852),  for  the  parallel  of  43°  40'  N. 
from  36  equicUstant  points  on  the  parallel;  from  which  comparison 
it  appears  that  after  allowance  has  been  made  for  the  elevation  above 
the  sea  (342  feet),  every  month  of  the  year  is  colder  than  the  normal 
temperature  of  the  same  month  in  the  same  parallel ;  that  the  thermic 
anomaly  reaches  its  extreme  in  February,  when  it  exceeds  10°  of 
Fahrenheit ;  and  that  on  the  average  of  the  whole  year  it  is  little  less 
than  6°. 

Feb.  17. — A  paper  was  read,  entitled  "On  the  Muscles  which 
open  the  Eustachian  Tube."     By  Joseph  Toynbee,  M.D.,  F.R.S. 

The  author  commences  by  alluding  to  the  ojiinion  generally  held 
by  anatomists,  viz.  that  the  guttural  orifice  of  the  Eustachian  tube 
is  always  open,  and  that  the  air  in  the  tympanum  is  constantly  con- 
tinuous with  that  in  the  cavity  of  the  fauces.     An  examination  of 
the  guttural  orifice  of  the  tube  in  man  and  other  animals  has  led  the 
author  to  conclude,  that,  except  during  muscular  action,  this  orifice 
is  always  closed,  and  that  the  tympanum  forms  a  cavity  distinct  and 
isolated  from  the  outer  air.    The  muscles  which  open  the  Eustachian 
tube  in  man  are  the  tensor  and  levator  palati,  and  it  is  by  their  ac- 
tion during  the  process  of  deglutition  that  the  tubes  are  ordinarily 
opened.     That  the  act  of  swallowing  is  the  means  whereby  the  Eu- 
stachian tubes  are  opened,  is  shown  by  some  experiments  of  which 
the  following  may  be  cited.     If  the  mouth  and  nose  be  closed  during 
the  act  of  swallowing  the  saliva,  a  sensation  of  fulness  or  distension 
is  produced  in  the  ears ;  this  sensation  arises  from  the  air,  which  is 
slightly  compressed  in  the  fauces,  passing  into  and  distending  the 
tympanic  cavities  :  upon  removing  the  hand  from  the  nose,  it  will  be 
observed  that  this  feeling  of  pressure  in  the  ears  does  not  disapj^ear, 
but  it  remains  until  the  act  of  deglutition  is  again  performed  while 
the  nose  is  not  closed.     In  this  experiment  the  Eustachian  tubes 
were  opened  during  each  act  of  deglutition ;  during  the  first  act, 
while  they  were  open,  air  was  forced  into  the  cavity  of  the  tympanum 
by  the  contraction  of  the  muscles  of  the  fauces  and  jjharynx,  and  the 
guttural  orifices  of  the  tubes  remained  closed  until  the  second  act  of 
swallowing,  which  opened  the  tubes  and  allowed  the  air  to  escape. 
That  the  act  of  deglutition  opens  the  Eustachian  tubes,  was  inferred 
also  from  the  custom  usually  adopted  of  swallowing  while  the  de- 
scent in  a  diving-bell  is  performed  ;  by  this  act  the  condensed  air  is 
allowed  to  enter  the  tympanum,  and  the  sensation  of  pain  and  pres- 
sure in  the  ears  is  removed  or  entirely  avoided. 

The  author  gives  an  account  of  the  Eustachian  tube  and  its 
muscles  in  Mammalia,  Birds  and  Reptiles.  In  some  mammalia  the 
muscles  opening  the  tubes  appertain,  as  in  man,  to  the  palate,  in 
others  this  function  is  performed  bj^  the  superior  constrictor  muscles 
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of  the  pharynx.  In  Birds  it  is  shown  that  there  is  a  single  mem- 
branous tube  into  which  the  two  osseous  tubes  open ;  this  mem- 
branous tube  is  situated  between  and  is  intimately  adherent  to  the 
inner  surface  of  each  pterygoid  muscle,  and  by  these  muscles  the 
tube  is  opened.  Tlie  conclusion  to  which  the  author  arrives  re- 
specting the  influence  of  the  closed  Eustachian  tubes  is,  that  the 
function  of  hearing  is  best  carried  on  while  the  tympanum  is  a  closed 
cavity,  and  that  the  analogy  usually  cited  as  existing  between  the 
ordinary  musical  instrument,  the  drum  and  the  tympanum,  to  the 
effect,  that  in  each  it  is  requisite  for  the  air  within  to  communicate 
freely  with  the  outer  air,  is  not  correct.  On  the  contrary,  the  author 
shows  that  no  displacement  of  the  air  is  requisite  for  the  propagation 
of  sonorous  undulations,  and  that  were  the  Eustachian  tubes  con- 
stantly open,  these  undulations  would  extend  into  the  cavity  of  the 
fauces,  there  to  be  absorbed  by  the  thick  and  soft  mucous  membrane, 
instead  of  being  confined  to  the  tympanic  cavity,  the  walls  of  which 
are  so  peculiarly  well  adapted  to  the  production  of  resonance,  in  order 
that  they  shall  be  concentrated  upon  the  labyrinth. 

In  corroboration  of  the  above  views  the  author  states,  that  in 
cases  of  deafness  dependent  simply  upon  an  aperture  in  the  mem- 
brana  tympani,  whereby  the  sonorous  undulations  are  permitted  to 
escape  into  the  external  meatus,  the  power  of  hearing  has  been 
greatly  improved  by  the  use  of  an  artificial  membrana  tympani 
made  of  vulcanized  india-rubber  or  gutta-percha,  which  is  so  applied 
as  again  to  render  the  tympanum  a  closed  cavity. 

Feb.  24. — A  paper  was  read,  entitled  "  On  Periodical  Laws  in 
the  larger  Magnetic  Disturbances."  By  Captain  Younghusband, 
R.A.,F.R.S. 

In  this  communication  the  author  has  arranged,  in  tables,  the 
disturbances  of  the  magnetic  declination  at  St.  Helena  and  the  Cape 
of  Good  Hope,  for  the  purpose  of  exhibiting  the  systematic  laws  by 
which  those  phenomena  are  regulated,  which  were  long  described 
as  irregular  variations,  because  they  were  of  occasional  and  appa- 
rently uncertain  occurrence. 

The  frequency  of  the  disturbances,  and  their  amount,  whether 
viewed  separately  as  easterly  or  westerly  movements,  or  as  general 
abnormal  variations  (easterly  and  westerly  being  taken  together),  is 
shown  to  be  dependent  upon  the  hour  of  the  day,  the  period  of  the 
year,  and  upon  the  year  of  observation.  This  dependence  upon  the 
year  of  observation  affords  additional  testimony  of  a  periodical  varia- 
tion in  the  magnitude  of  magnetic  changes  of  the  same  character  as 
that  which  has  been  found  to  exist  at  other  places,  and  which  has 
been  considered  to  be  coincident  with  variations  of  the  solar  spots. 

The  disturbances  of  larger  amount  only  are  noticed ;  those  ob- 
servations which  differed  by  '2*5  scale  divisions  (l'-8  in  arc  at  St. 
Helena,  and  1''9  in  arc  at  the  Cape)  and  upwards,  from  the  normal 
place,  were  separated  from  the  others  and  the  values  of  the  differ- 
ences taken ;  there  were  therefore  two  series  of  figures  to  be  dealt 
with,  viz.  the  number  of  disturbances,  and  the  aggregate  amount  oi 
disturbance.     These  were  separated  into  disturbances  of  the  north 
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end  of  the  magnet  towards  the  east  and  towards  the  west,  and  the 
effect  of  each  considered  separatelj'. 

The  periodical  character  of  disturbances  at  St.  Helena  and  the 
Cape  in  a  cycle  of  years  is  indicated  insofar  as  the  limited  extent  of  the 
observations  would  permit ;  sufKcient  however  to  point  to  the  year 
1843  as  that  of  least  disturbance  at  these  two  places,  by  showing  a 
regular  decrease  from  the  previous  years,  and  an  increase  in  every 
succeeding  year  of  observation.  Though  the  hourly  observations 
were  discontinued  before  1S4S,  the  year  which  Colonel  Sabine  has 
shown  to  be  that  of  periodical  maximum,  as  1843  was  that  of  mini- 
mum magnetic  activity  at  Toronto  and  Hobarton,  the  observations 
now  discussed  are  shown  to  be  quite  consistent  with  this  period,  and 
thus  tend  to  establish  it  as  a  general  law  of  magnetic  phenomena. 
In  the  aggregate  of  each  year  the  disturbances  towards  the  west  are 
shown  to  preponderate  over  those  towards  the  east,  both  at  St. 
Helena  and  the  Cape  of  Good  Hope  ;  a  similar  preponderance  of 
westerly  over  easterly  has  been  found  in  every  year  of  observation 
at  Hobarton,  but  at  Toronto  the  easterly  disturbances  exceeded  the 
westerly  both  in  number  and  amount  in  every  year. 

Arranging  the  disturbances  into  the  several  months  of  their  oc- 
currence, the  greatest  disturbance  is  found  to  occur  in  January 
and  the  least  in  June  at  St.  Helena  and  the  Cape  of  Good  Hope ; 
the  same  months  being  those  of  greatest  and  least  disturbance  at 
Hobarton,  whereas  at  Toronto,  both  January  and  June  are  months  of 
minimum  disturbance,  the  maxima  disturbance  occurring  there  in 
April  and  September. 

From  this  identity  of  the  epoch  of  greatest  and  least  disturbance, 
— at  St.  Helena,  where  the  months  of  January  and  June  are  not 
those  of  opposite  seasons,  viewed  either  with  respect  to  the  sun's  ex- 
treme altitude  or  to  extreme  periods  of  temperature, — at  the  Cape, 
situated  in  S.  latitude  33°  56', — and  at  Hobarton  in  S.  latitude 
42°  52', — and  contrasting  this  identity  with  a  different  law  at  To- 
ronto in  N.  latitude  43°  39',  the  author  infers  that  the  princii)al 
causes  which  produce  an  annual  period  of  disturbance  are  not  de- 
pendent upon  local  seasons.  It  is  likewise  pointed  out  that  about 
the  period  of  the  equinoxes  there  is  a  tendency  to  maximum  dis- 
turbances at  all  the  stations,  producing  absolute  maxima  at  Toronto, 
faintly  but  systematically  indicated  at  the  other  stations. 

The  westerly  disturbances  were  found  to  exceed  the  easterly  in 
every  month  in  the  year  at  St.  Helena  and  the  Cape,  which  agrees 
with  the  results  deduced  from  the  Hobarton  observations,  while  it 
appears  from  the  observations  at  Toronto  that  the  easterly  disturb- 
ances exceeded  the  westerly  in  every  month.  The  average  value  of 
a  westerly  disturbance  is  greater  than  that  of  an  easterly  in  every 
month  at  St.  Helena  and  the  Cape  of  Good  Hope.  The  disturbances 
at  Hobarton  again  coincide  with  this  result ;  and  in  a  slight  and  less 
perfectly  marked  degree,  Toronto  has  the  same  peculiarity. 

Arranging  the  disturbances  into  the  several  homs  of  their  occur- 
rence, the  hours  of  the  day  are  found  to  be  those  of  greatest  disturb- 
ance in  a  very  considerable  degree ;  the  sum  of  the  ratios,  during 
the  twelve  hours  of  the  day,  being  about  seven  times  as  great  as  the 


Royal  Institution.  381 

sum  of  those  in  the  twelve  hours  of  the  night  at  St.  Helena,  and 
about  2*6  times  as  great  at  the  C'ape  of  Good  Hope;  while  at  Ho- 
barton  the  sum  of  the  twelve  night  ratios  slightlj'  exceeded  the  day  ; 
at  Toronto  the  excess  was  larger,  viz.  as  TS  to  1.  The  laws  of 
easterly  and  westerly  disturbances,  in  relation  to  the  local  hours,  are 
then  examined  separately.  At  St.  Helena  and  the  Cape,  the  easterly 
day-disturbances  exceed  the  easterly  night-disturbances,  and  the 
westerly  day-disturbances  exceed  the  westerly  night-disturbances. 
These  results  are  compared  with  those  at  Toronto  and  Hobarton. 

At  St.  Helena,  although  but  comparatively  few  disturbances  occur 
during  the  night  hours,  those  disturbances  are  almost  all  westerly 
(183  disturbances,  in  all,  occurred  in  nine  night  hours  during  five 
years,  of  which  174  were  westerly  and  but  nine  easterly).  lu  the 
day  hours  the  westerly  only  sUyhtly  exceed  the  easterly  disturbances. 
At  the  Cape,  the  westerly  excess  is  less  in  the  night  and  greater  in 
the  day  than  at  St.  Helena,  and  the  night  excess  much  greater  than 
the  day  excess. 

At  St.  Helena,  the  fact  of  the  disturbances  being  more  frequent  in 
the  day  than  in  the  night  is  consistent  in  every  month  of  the  year ; 
this  appears  worthy  of  remark  when  it  is  remembered  that  at  St. 
Helena  the  curve  of  the  diurnal  variation  of  the  declination  is  pre- 
cisely reversed  at  two  opposite  periods  of  the  year ;  in  one  case  cor- 
responding to  the  curve  of  diurnal  variation  in  middle  northern  lati- 
tudes, and  in  the  other  to  that  in  middle  southern  latitudes. 

The  mean  effect  of  the  disturbances  which  have  been  separated 
as  described,  and  w-hich  comprise  all  of  largest  magnitude,  is  a  con- 
stant icesterly  effect  at  everj-  hour  both  at  St.  Helena  and  the  Cape 
of  Good  Hope,  acting  more  energetically  in  the  night  than  in  the 
day.  At  Toronto  the  mean  effect  is  westerly  in  the  day  and  easterly 
in  the  night ;  at  Hobarton,  easterly  in  the  day  and  westerly  in  the 
night. 
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Jan.  28,  1853. — "  On  Gerhardt's  discovery  of  Anhydrous  Organic 
Acids,"  by  Professor  Williamson. 

The  discover}'  by  M.  Gerhardt  of  a  number  of  anhydrous  organic 
acids  has  thrown  so  much  light  on  one  of  the  most  important  ques- 
tions of  chemical  philosophy,  that  it  constitutes  one  of  the  most 
remarkable  illustrations  of  the  manner  in  which  the  rich  materials 
of  organic  ciiemistry  may  be  brought  to  bear  on  the  explanation  of 
the  phaenoniena  of  chemical  action  and  the  laws  of  chemical  com- 
binaiion. 

It  is  not  unworthy  of  remark,  that  the  bodies  prepared  by  Ger- 
hardt had  for  some  years  past  been  supposed  to  exist  ready  formed 
in  combination  with  water  and  other  bases,  and  that  the  chief  ob- 
jection to  that  supposition  was  founded  on  the  circumstance  of  their 
never  having  been  separated  from  such  combination,  and  presented 
in  an  isolated  form.  In  fact,  Gerhardt  has  supplied  the  very  link 
in  the  chain,  which  was  expected  to  constitute  evidence  for  a  fami- 
liar theory  of  the  constitution  of  salts.     But  the  process  by  which 
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the  result  was  attained  is  even  more  important  than  tlie  result  itself, 
and  has  led  to  our  drawing  from  that  result  a  conclusion  different 
from  that  which  was  generally  expected.  Ciiemistry  aims  at  dis- 
covering the  nature  of  that  action  by  which  substances  of  opposite 
properties  undergo  those  remarkable  changes  which  we  call  che- 
mical combination  ;  and  it  naturally  follows  from  this  view  of  its 
objects,  that  chemical  science  is  more  advanced  by  the  discovery  of 
a  new  process  than  by  the  discovery  of  a  new  substance ;  and  its 
theories  are  more  immediately  affected  by  the  nature  of  a  process 
of  change  than  by  any  physical  fact,  such  as  the  existence  of  a  pe- 
culiar body  or  class  of  bodies.  Thus  it  is  that  the  method  of  iso- 
lating the  anhydrous  organic  acids  has  afforded  evidence  of  a  new 
view  of  the  constitution  of  acids  and  salts. 

A  few  words  may  serve  to  give  an  idea  of  the  previous  state  of 
the  question. 

Compounds  of  oxygen  acids  were  supposed  to  consist  of  the  an- 
hydrous acid  united  with  an  oxide.  Thus  hydrated  sulphuric  acid 
was  represented  as  containing  the  anhydrous  group  SO^  plus  an 
atom  of  water,  H^  O ;  and  in  the  saturation  of  this  hydrated  acid  by 
a  base  such  as  potash,  it  was  conceived  that  this  oxide  replaced  the 
water.  The  existence  of  anhydrous  sulphuric  acid  in  an  isolated 
state,  and  the  fact  that  it  so  readily  combines  with  water,  was  urged 
as  an  argument  in  favour  of  this  theory ;  and  the  same  holds  good 
with  phosphoric,  carbonic,  sulphurous,  lactic,  nitrous,  and  even 
(according  to  the  recent  discovery  of  Dessaignes)  nitric  acid. 

However  simple  this  view  might  appear,  and  however  satisfactory 
it  might  be  in  explaining  those  cases  of  combination  for  which  it 
was  specially  intended,  chemists  soon  became  acquainted  with  bodies 
perfectly  analogous  in  their  general  properties  to  the  oxygen  acids, 
and  producing  by  their  action  upon  bases  similar  effects,  but  which, 
from  the  fact  of  their  containing  no  oxygen,  could  not  possibly  be 
conceived  as  made  up  of  water  and  an  anhydrous  acid.  For  instance, 
hydrochloric  acid  was  proved,  both  analytically  and  synthetically, 
to  be  composed  of  nothing  but  chlorine  and  hydrogen ;  and  when 
it  combines  with  potash,  the  hydrogen  is  found  to  leave  the  chlo- 
rine, whilst  potassium  takes  its  place. 

Being  desirous  of  simplifying  as  far  as  possible  their  views  of  these 
phaenomena,  and  of  extending  the  same  explanation  to  all  like  cases, 
certain  chemists  were  led  to  imagine  a  new  mode  of  representing 
the  constitution  and  reactions  of  oxygen  acids,  which  had  the  ad- 
vantage of  connecting  the  two  classes  of  analogous  reactions  by  the 
same  theory.  This  consisted  in  conceiving,  that  in  the  formation 
of  a  liydrated  acid,  a  compound  radical  is  produced  in  combination 
with  hydrogen  ;  so  that  hydrated  sulphuric  acid  is  the  hydrogen 
compound  of  SO*,  in  the  same  Avay  as  hydrochloric  acid  is  the  hy- 
drogen compound  of  chlorine.  There  were  many  arguments  in 
favour  of  this  view,  amongst  which  the  most  prominent  m  as  derived 
from  the  fact,  that  when  a  salt  of  the  one  class,  as  chloride  of  potas- 
sium, decomposes  a  salt  of  the  other,  as  sulphate  of  silver,  the  result 
is  exactly  in  conformity  with  what  must  occur  on  the  supposition  of 
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the  compound  radical ;  and  in  like  manner,  the  electrolytic  decom- 
position of  a  sulphate  moves  the  group  SO*  to  the  positive  pole, 
where  it  either  combines  with  a  metal  or  undergoes  decomposition. 

One  of  the  strongest  arguments  against  the  view  that  the  oxygen 
acids  contain  water,  is  afforded  by  the  results  of  recent  researches 
(especially  of  MM.  Laurent  and  Gerhardt)  on  the  atomic  weight  of 
acids.  Those  chemists  have  rendered  more  definite  and  exact  than 
they  had  been  before  our  ideas  on  the  distinctions  between  mono- 
basic, bibasic  and  tribasic  acids,  and  have  clearly  established  that 
the  correct  expression  of  the  atom  of  nitric  acid  must  be  such  as 
contains  half  as  much  hydrogen  as  is  contained  in  1  atom  of  water 
(inasmuch  as  water  is  bibasic,  and  nitric  acid  monobasic).  Of 
course  this  proportion  may  be  as  well  established  by  doubling  the 
atomic  weight  of  water  as  by  halving  that  of  hydra  ted  nitric  acid  ;  but 
either  way  it  is  clear  that  hydrated  nitric  acid  cannot  contain  water. 

Such  was  the  position  of  the  question,  when  an  English  chemist 
proved  that  the  formation  of  aether  from  alcohol  (which  was  con- 
sidered chemically  as  the  hydrate  of  aether)  does  not  consist  in  a 
separation  of  two  already-formed  compounds,  but  in  a  substitution 
of  hydrogen  by  the  organic  radical  aethyle.  A  similar  fact  M.  Ger- 
hardt has  proved  respecting  a  great  number  of  organic  acids,  by 
preparing  bodies  which  stand  to  them  in  the  same  relation  as  aether 
does  to  alcohol. 

The  researches  of  M.  Cahours  had  led  to  the  discovery  of  a  series 
of  bodies  necessary  for  Gerhardt's  process.  These  were  obtained 
by  the  action  of  pentachloride  of  phosphorus  on  various  hydrated 
organic  acids,  and  consisted  of  chlorine  combined  with  the  oxygen- 
ized radical  of  the  acid.  Thus  from  benzoic  acid  was  prepared 
the  chloride  of  benzoile,  C^  H^  OCl,  and  the  corresponding  bodies 
from  cuminic,  cinnamic,  and  various  other  acids.  Gerhardt  has 
since  made  by  the  same  process  the  body  C^  H^  OCl,  which  is  the 
chloride  of  the  radical  of  acetic  acid,  called  othyle.  Now  on  bring- 
ing any  one  of  these  chlorides  in  contact  with  the  potassium  salt  of 
the  corresponding  acid,  the  chemical  force  of  combination  between 
chlorine  and  potassium  induced  the  decomposition. 

These  results  can  be  most  simply  stated  in  the  form  adopted  by 
M.  Gerhardt,  the  discoverer,  which  consists  in  comparing  the  com- 
position of  these  bodies  with  that  of  water,  from  which  they  are 
formed  by  the  substitution  of  one  or  both  atoms  of  hydrogen  by 
organic  radicals. 

Thus  water  being  represented  by  the  formula  yjO,  acetic  acid  is 

formed  from  it  by  the  action  of  chloride  of  othyle,  C*  H^  OCl,  which 

C-  H^  O 
forms        tj       O-f-HCl,  e.g.  hydrated  acetic  acid  and  hydrochloric 

acid.     If  a  second  atom  of  chloride  of  othyle  is  made  to  act  upon 

C-  H3  O 

this  acetic  acid,  or  better  upon  the  acetate  of  potash,        ^       O,  we 

C*  1J3  r\ 
get,  besides  chloride  of  potassium,  a  compound,  p.,  y.^  ^^  O,  which, 
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wlien  compared  to  the  original  typo,  may  be  considered  as  water 
having  botii  its  atoms  of  hydrogen  replaced  by  tiie  radical  othyle, 
C*  H^  O.  This  compound  is  the  anhydrous  acetic  acid,  which  might 
l)e  called  the  acetate  of  othyle,  inasmuch  as  that  radical  has,  in  the 
formation  of  the  compound,  taken  the  i)lace  of  the  basic  potassium 
in  the  acetate  of  potash. 

In  like  manner  the  anhydrous  benzoic  acid,  p.  jy^  n^'  ^^'^^  niade 

by  the  action  of  the  chloride  of  benzoile,  C*  H^  OCl,  on  the  ben- 
zoate  of  potash.  It  is  a  crystcilline  body,  perfectly  neutral  to  test- 
paper,  scarcely  soluble  in  water,  readily  soluble  in  alcohol  and 
sether.  On  continued  boiling  with  water,  it  is  converted  into  hy-  - 
drated  benzoic  acid,  1  atom  of  the  anhydride  with  1  atom  of  water 
forming  2  atoms  of  the  hydrated  acid  by  an  interchange  of  hydrogen 
and  benzoile.  Besides  several  of  these  anhydrous  acids,  Gerhardt 
has  prepared  some  intermediate  acids,  analogous  to  the  intermediate 
aethers,  by  combining  two  different  radicals   in   the   same   group. 

Thus  chloride  of  benzoile  with  cuminate  of  potash,  -^        O, 

formed  cuminate  of  benzoile,  or  benzocuminic  acid,  p.   ^j^  nO; 

and  in  like  manner  several  other  intermediate  acids  were  prepared. 

In  conclusion,  the  lecturer  alluded  to  a  feature  of  the  develop- 
ment of  the  human  mind  in  scientific  research,  which  is  strikingly 
illustrated  by  the  substance  and  form  of  these  results,  and  of  which 
instances  are  probably  to  be  found  in  the  history  of  many  others. 
The  explanation  of  the  above  reactions  consists  in  a  combination  of 
two  modes  of  reasoning,  which  were  developed  by  different  schools, 
and  for  many  years  were  used  independently  of  one  another.  Ger- 
hardt, to  whose  researches  and  writings  some  important  steps  in  the 
doctrine  of  types  are  owing,  formerly  believed  the  truths  which  he 
saw  from  that  point  of  view  to  be  incompatible  with  tlie  idea  of 
radicals;  but  he  now  joins  those  chemists  who  find  in  each  of  these 
notions  a  necessary  and  most  natural  complement  to  the  other. 

May  we  not  hope  that  such  may  be  the  result  in  other  cases  of 
difference  of  opinion  on  scientific  questions,  which  the  progress  of 
knowledge  will  show  to  have  been  owing  to  the  incompleteness  and 
one-sidedness  of  each  view,  rather  than  to  anytiiing  absolutely  erro- 
neous in  either? 


LXIV.  Intelligence  and  Miscellaneous  Articles. 

ON  THE  CHEMICAL  COMBINATIONS  RESULTING  FROM  THE  CON- 
TACT or  SOLIDS  WITH  LIQUIDS  IN  VIRTUE  OF  FEEBLE  ACTIONS. 
BY   M.   BECQUEREL. 

r|"^HE  study  of  the  chemical  pha^nomena  resulting  from  the  contact 
_L  of  solids  with  liquids  in  virtue  of  feeble  actions,  whether  they  pro- 
ceed from  double  decomposition,  with  or  without  the  accompaniment 
of  electrical  forces,  or  from  simjJe  contact  action,  and  indeed  what- 
ever may  be  their  origin,  still  occupies  my  attention  as  regards  their 
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relation  to  those  phcenomena  which  are  produced  solely  by  electro- 
chemical forces.  The  new  results  which  I  now  make  known,  testify 
to  the  fecundity  of  the  methods  of  investigation  by  means  of  which 
we  may  determine  the  play  of  affinities  in  the  contact  of  solids  with 
liquids. 

Silica  and  Quartz  (Si  O''). — Silica  generally  occurs  in  the  form  of 
quartz,  insoluble  in  alkalies,  and  sometimes  in  a  hydrated  state  so- 
luble in  alkalies,  as  in  opal,  and  the  deposits  formed  by  mineral 
waters.  We  are  indebted  to  M.  Ebelmen  for  some  interesting 
researches  on  the  artificial  production  of  hydrated  silica  in  a  hard 
transparent  state,  like  rock  crystal,  by  exposing  silicic  aether  to 
the  action  of  moist  atmospheric  air ;  this  silica  has  the  formula 
2Si03  +  3HO,  and  its  density  is  r770.  These  conditions  are  obvi- 
ously not  those  under  which  silica  has  been  formed  naturally. 

On  the  other  hand,  M.  de  Senarmont  has  shown  that  l;y  heating 
under  pressure  a  solution  of  silica,  in  water  saturated  with  carbonic 
acid,  or  in  weak  hydrochloric  acid,  to  392°  or  572°  Fahr.,  anhydrous 
silica  is  obtained  in  the  form  of  quartz,  and  Insoluble  in  all  reagents 
except  hydrofluoric  acid.  It  is  probable  that  quartz  has  actually 
been  formed  in  this  way  in  nature,  for  the  conditions  are  such  as 
may  co-exist  at  a  certain  depth  below  the  surface  of  the  earth. 

Further,  M.  Fremy  has  recently  succeeded  in  obtaining  solid 
hydrated  silica  by  decomposing  sulphuret  of  silicium  by  water,  and 
under  conditions  which  may  coexist  naturally.  Mr.  Cross  has,  by 
means  of  a  voltaic  battery  consisting  of  a  great  number  of  couples 
weakly  charged,  slowly  decomposed  a  solution  of  silica  in  potash  or 
hydrofluoric  acid,  in  such  a  manner  as  to  obtain  at  one  of  the  poles, 
according  to  the  chemical  relation  of  the  siJica  in  the  compound, 
prismatic  crystals  of  quartz  with  pyramids  at  their  summits.  This 
mode  of  jjroduction  may  not  be  one  which  takes  place  naturally,  but 
the  fact  is  deserving  of  notice. 

I  have  endeavoured  to  ascertain  whether  it  may  not  be  possible, 
by  means  of  the  method  of  double  decomposition,  which  has  already 
enabled  me  to  obtain  malachite  (hydrated  bibasic  carbonate  of 
copper)  and  a  number  of  other  compounds,  to  produce  quartz  and 
hydrated  silica.  For  this  purpose  I  introduced  into  a  flask,  fur- 
nished Avith  a  loosely  fitting  cork,  a  very  weak  solution  of  silicate 
of  potash  (about  half  a  litre),  with  a  number  of  plates  of  sulphate 
of  lime.  Carbonic  acid  gradually  penetrated  in  the  flask,  giving  rise 
to  the  formation  of  carbonate  of  potash,  which  immediately  acted  upon 
the  sulphate  of  lime,  j)roducing  sulphate  of  potash  and  carbonate  of 
lime,  which  crystallized,  while  silica  was  precipitated  sufficiently  hard 
to  scratch  glass,  and  forming  granules  or  plates  of  5  or  6  centimetres 
superficies.  These  plates  showed  a  tendency  to  assume  u  coralloid 
structure  ;  the  silica  of  which  they  consisted  contained  12  i)er  cent,  of 
water.  Silica  was  likewise  deposited  at  the  bottom  of  the  flask  in 
very  delicate  particles,  having  the  same  hardness  as  the  above,  which 
when  treated  with  a  hot  solution  of  potash,  left  at  the  bottom  of  the 
capsule  transparent  lamellae,  which  gave,  between  two  Nichol's 
prisms,  the  colours  presented  by  ciystals  causing  double  refraction, 
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as  I  was  assured  by  M.  G.  Rose.     These  lamellae  therefore  resemble 
quartz. 

These  facts  show  that  silica  is  precipitated  in  the  different  states 
I  have  mentioned,  at  the  instant  that  the  carbonic  acid  of  the  atmo- 
spheric air  which  enters  the  flask  combines  with  the  potash  holding 
the  silica  in  solution,  and  that  at  the  same  time  the  carbonate  of 
potash  formed  reacts  upon  and  decomposes  the  sulphate  of  lime. 
The  effects  ]iroduced  must  be  attributed  to  this  double  reaction. 

Double  Carbonate  of  Copper  and  Soda  (NaO,  CuO,  2C0'"). — I 
have  in  a  previous  memoir*  stated  that  bibasic  carbonate  of  copper, 
(malachite)  2CuO,  CO",  2H0,  may  be  obtained  by  immersing  a 
fragment  of  limestone  covered  with  crj'stallized  subnitrate  of  copper,- 
4CuO  NO*,  3H0,  into  a  dilute  solution  of  bicarbonate  of  soda,  and 
that  if  the  action  is  allowed  to  go  on  until  the  whole  of  the  sub- 
nitrate  has  been  converted  into  bibasic  carbonate,  the  latter  is  itself 
decomposed  with  production  of  a  double  carbonate  of  copper  and 
soda  in  very  minute  crystals  of  a  clear  blue  colour,  which  adhere 
firmly  to  the  chalk.  At  the  time  that  I  wrote  that  memoir  I  com- 
menced several  experiments,  with  the  intention  of  leaving  them  to 
spontaneous  action  during  several  months.  Last  November,  on 
taking  the  fragments  of  limestone  covered  with  subnitrate  of  copper 
out  of  the  solution  of  bicarbonate  of  soda,  in  which  they  had  been 
placed  six  months  previously,  I  found  the  bibasic  carbonate  for  the 
most  part  decomposed  and  converted  into  double  carbonate  of  copper 
and  soda,  in  beautiful  microscopic  crystals,  having  the  form  of  right 
rhombic  prisms  with  truncated  summits. 

Bibasic  Arseniate  of  Lime  and  Ammonia. — When  a  fragment  of 
limestone  or  chalk  is  left  for  some  months  in  contact  with  a  saturated 
solution  of  arseniate  of  ammonia  in  considerable  excess,  after  the 
lapse  of  a  certain  time,  very  perfect  transparent  crystals  are  per- 
ceived upon  its  surface ;  in  a  jDreparation  which  was  made  at  the 
commencement  of  1852,  these  crystals  are  more  than  a  centimetre 
on  each  side.  Their  form  is  an  oblique  rhomboidal  prism.  One  of 
them  presents  very  distinct  modifications  at  the  edges,  indicating  a 
double  truncation,  constituting  a  pjTamid  with  four  planes  at  each 
of  the  bases.  The  crystals  effloresce  very  rapidly  in  the  air,  losing 
ammonia  and  water ;  the  analysis,  which  I  was  unable  to  repeat 
from  want  of  material,  appeared  to  show  that  they  were  a  double 
arseniate  of  lime  and  ammonia  with  a  large  quantity  of  water  of 
crystallization. 

It  was  to  be  expected  that  the  other  earthy  bases — baryta,  strontia, 
magnesia,  &c. — would  behave  in  the  same  manner  as  lime  in  the 
reaction  of  their  carbonates  upon  arseniate  of  ammonia,  and  I  there- 
fore made  some  arrangements  for  the  purpose  of  verifying  this  con- 
jecture ;  after  a  few  days  I  recognized  upon  the  surface  of  the 
carbonates  acicular  crystals  which  could  not  be  other  than  double 
compounds  of  arseniate  of  ammonia  and  the  arseniates  of  the  earthy 
bases.  When  a  sufficient  quantit)^  of  these  crystals  are  formed,  I 
shall  analyse  them  in  order  to  determine  the  composition  of  this  new- 
series  of  compounds. 

*  PhiL  Mag.  Sen  4.  vol.  iii.  p.  235. 
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I  must  here  mention  a  circumstance  which  may  not  be  without 
some  interest  for  the  geologist.  Mineralogists  are  not  agreed  as  to 
the  composition  of  the  arseniate  of  lime,  formerly  called  pharmacolite, 
which  would  appear  to  lead  to  the  opinion  that  several  natural  com- 
pounds of  lime  and  arsenic  acid  exist.  M.  Dufrenoy  is,  for  this 
reason,  inclined  to  the  opinion  that  this  compound  is  a  product  of 
the  decomposition  of  arseniferous  minerals,  and  that  it  frequently 
contains  an  excess  of  base  and  hygrometric  water  which  entirely 
alter  the  proportions.  I  will  here  add,  that  all  the  natural  crystals 
are  effloresced,  and  present  the  appearance  of  the  cn-stals  of  double 
arseniate  of  lime  and  ammonia  which  have  lost  their  ammonia  and  a 
part  of  their  water  of  crystallization  when  they  have  been  exposed  to 
the  atmosphere  ;  however,  the  composition  of  these  two  kinds  of 
crystals  is  not  the  same ;  the  natural  arseniate,  irrespective  of  the 
water,  is  composed  of  2  equivs.  of  lime  and  5  equivs.  of  arsenic  acid, 
or  of  1  equiv.  of  the  former  and  2  equivs.  of  the  latter,  while  the 
arseniate  of  lime,  as  I  have  prepared  it,  contains  2  equivs.  of  lime 
and  1  equiv.  of  arsenic  acid.  During  the  decomposition  of  the  me- 
tallic arseniates  it  may  happen  that  alkaline  arseniates  are  formed, 
which  reacting  upon  carbonate  of  lime,  give  rise  to  the  formation  of 
arseniate  of  lime. 

The  double  arseniate  of  lime  and  ammonia,  and  consequently  the 
arseniate  of  lime,  may  likewise  be  obtained  by  digesting,  in  a  solu- 
tion of  arseniate  of  ammonia  (10°),  plates  of  sulphate  of  lime ;  after 
some  months,  acicular  crystals  are  seen  upon  the  surface  of  the 
mineral,  which,  according  to  aU  appearances,  have  the  same  chemical 
composition  as  the  double  arseniate  above  described. 

In  conclusion,  I  will  mention  some  prepararions  which  are  not 
without  interest.  When  a  calcareous  mineral,  coated  %vith  sub- 
nitrate  of  copper,  is  allowed  to  react  upon  a  saturated  solution  of 
neutral  or  bichromate  of  potash,  there  are  obtained,  in  the  first 
place,  chromate  of  copper  in  microscopic  crystals  of  a  clear  green 
colour,  and  secondly,  a  chromate  of  the  same  base  also,  in  micro- 
scopic crj'stals,  but  of  a  brownish  red  colour. 

Crystallized  cyanide  of  copper  may  be  obtained  in  the  same  man- 
ner;  it  is  of  a  red  colour. — Comptes  Rendus,  January  1853,  209. 


ON  THE  TEMPERATURE  PRODUCED  BY  THE  COMBUSTION"  OF 
CARBON  IN  THE  AIR.   BY  H.  DEVILLE. 

It  is  well  known  that  near  the  tuyeres  of  blast  furnaces,  a  very 
elevated  temperature  is  developed,  wliich  M.  Ebelmen  considers  to 
be  equal  to  the  me^^ing-point  of  platinum.  Some  experiments  made  • 
in  the  course  of  an  investigation  altogether  diiferent,  have  led  me  to 
believe  that  the  heat  developed  during  the  combustion  of  carbon  is 
capable  of  producing  effects  much  more  energetic  and  comparable 
with  those  obtained  by  means  of  a  mixture  of  hydrogen  and  oxygen. 
Thus,  by  a  suitable  arrangement  of  the  furnace,  and  with  the  pro- 
per kind  of  carbon,  it  is  possible  to  melt  and  even  to  volatilize  plati- 
num and  to  melt  pure  sihca*.    These  results,  and  the  simplicity  of  the 

*   M.  Deville  exhibited  to  the  Academy  a  crucible  made  fiom  platimun 
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means  by  which  they  may  be  obtained,  have  convinced  me  that  they 
will  become  useful  to  the  chemist  and  manufacturer ;  I  have  there- 
fore decided  upon  submitting  to  the  Academy  the  details  of  the 
operation,  which,  I  trust,  will  not  be  found  unworthy  of  attention. 

The  apparatus  which  I  employ  is  a  simj)le  furnace  30  centimetres 
high  and  IS  centimetres  diameter,  supported  upon  a  plate  of  cast- 
iron  pierced  with  holes  arranged  in  a  circle  5  centimetres  from  the 
centre.  This  is  placed  in  communication  with  the  bellows  of  a 
portable  forge. 

The  best  kind  of  crucibles  melt  down  at  the  temperature  in  ques- 
tion to  a  perfectly  liquid  glass,  and  for  a  substitute  I  was  obliged  to 
have  recourse  to  pieces  of  well- burnt  lime,  which  may  easily  be^ 
brought  into  the  shape  of  thick  crucibles.  Their  covers  are  likewise 
made  of  lime.  M.  Berthier  observed  that  hydraulic  limes  were  rea- 
dily fused  at  a  high  temperature,  and  I  have  found  that  perfectly 
pure  lime  very  frequently  agglutinated.  It  is  therefore  indispensable 
to  employ  a  somewhat  porous  lime,  slightly  siliceous,  which  will 
only  become  compact  at  the  most  elevated  temperatures. 

With  regard  to  the  combustible,  it  must  be  very  porous  and  in  a 
state  of  verj"  fine  division  ;  and  I  should  add  that  I  succeeded  only 
when  I  made  use  of  the  residue  of  the  imperfect  combustion  of  coal, 
the  clinkers  mixed  with  cinders  which  fall  from  the  grate  of  the 
heating  apparatus  and  still  at  the  Ecole  Nonnale,  passed  through  a 
wire  sieve.  With  coal  of  the  best  quality,  in  very  small  particles, 
the  effects  are  much  more  feeble  and  do  not  differ  from  those  which 
have  already  been  obtained. 

This  extremely  elevated  temperature  is  developed  with  such  rapi- 
dity that  in  a  few  minutes  it  reaches  its  maximum.  But  it  does  not 
extend  beyond  a  small  distance  upwards,  carbonic  oxide  being  formed 
higher  up  with  a  considerable  reduction  of  tempei'ature,  and  the  pro- 
duction of  a  very  long  and  feebly  heated  flame.  M.  Ebelmen  has 
perfectly  explained  this  phsenomenon,  the  cause  of  which  is  now 
generally  known. — Comptes  Rendus,  November  1852. 


NOTE  ON  THE  REPRODUCTION  OF  ENGRAVINGS  AND  DRAWINGS 
BY  MEANS  OF  THE  VAPOUR  OF  IODINE.  BY  M.  NIEPCE  DE 
SAINT  VICTOR. 

In  1847  the  author  published  a  memoir  on  the  action  of  different 
vapours,  and  amongst  others  of  that  of  iodine.  He  stated  that  the 
vapour  of  iodine  attached  itself  to  the  black  portions  of  an  engraving 
to  the  exclusion  of  the  whites,  so  that  the  picture  could  be  repro- 
duced on  paper  sized  with  starch,  or  on  glass  coated  with  this 
substance ;  in  this  manner  designs  were  produced,  but  they  could 
not  be  rendered  very  permanent. 

The  author  now  proposes  to  render  them  unalterable  by  the  fol- 
lowing processes  : — If  a  design  obtained  on  starched  paper  or  glass 

melted  in  lime,  a  crucible  cover  upon  which  were  numerous  globules  of 
platiuum  which  had  been  volatilized,  and  a  specimen  of  pure  sihca  melted 
in  graphite. 
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in  the  manner  described  by  him  in  1847  *,  be  plunged  into  a  solution 
of  nitrate  of  silver,  it  will  disappear ;  if  the  paper  or  glass  be  now 
exposed  to  the  light  for  a  few  seconds,  the  iodide  of  silver,  into  which 
the  iodide  of  amidone  which  formed  the  primitive  design  has  been 
converted,  being  much  more  sensitive  than  the  nitrate  of  silver  with 
which  the  rest  of  the  surface  is  imbued,  is  acted  upon  much  more 
rapidly  ;  if  the  paper  or  glass  be  then  dipped  into  a  solution  of  gallic 
acid,  the  design  is  immediately  reproduced,  and  it  is  then  treated 
with  hyposulphite  exactly  as  is  done  with  photographic  jnctures. 
By  this  process  the  design  becomes  as  permanent  as  these  latter, 
and  it  will  probably  be  adopted  in  many  cases. 

M.  Bayard  has  just  made  another  application  of  the  vapour  of 
iodine  ;  after  exposing  the  engraving  to  the  vapour  of  iodine,  he 
applies  it  upon  a  glass  prepared  with  sensitive  albumen,  so  as  to  form 
a  negative  picture,  with  which  he  then  takes  positive  impressions  on 
paper  in  the  usual  manner.  In  this  manner  he  has  obtained  beautiful 
reproductions  of  very  old  engravings  without  anj-  distortion  of  the 
image. — Comptes  Rendus,  March  28,  1853,  p.  581. 


REMARKS  ox  THE  STRUCTURAL  CONDITIONS  OF  IRON. 
BY  T.  R.  V.   FUCHS. 

The  difference  in  physical  characters  presented  by  the  several 
kinds  of  iron  is  generally  attributed  to  the  presence  of  a  varietj"  of 
substances,  among  which  carbon  is  considered  the  most  important. 
It  is  contained  in  all  kinds  of  iron,  almost  always  accompanied  by 
silicon,  which  perhaps  exercises  the  same  influence.  Raw  iron 
contains  the  largest  quantity  of  carbon,  bar  iron  the  least,  and  steel 
is  in  some  sort  intermediate  between  the  two;  but  the  quantity  of 
carbon  does  not  in  any  case  bear  a  constant  proportion  to  the  iron, 
nor  are  these  three  kinds  of  iron  separated  from  each  other  by  any 
definite  limits.  These  two  facts  are  sufficient  to  show  that  the  car- 
bon cannot  be  in  a  state  of  very  intimate  combination  with  the  iron,, 
and  there  are  no  sufficient  grounds  for  assuming  that  the  different 
conditions  of  this  metal  are  determined  solely  by  the  quantities  of 
carbon  contained  in  it.  The  numerous,  and  in  many  respects  valu- 
able analyses  of  iron  have  served  only  to  prove  the  truth  of  the 
above  remark.  Upon  the  gratuitous  assumption  that  the  varving 
per-centage  of  carbon  is  the  cause  of  the  differences  in  character 
of  iron,  attention  has  been  too  exclusively  devoted  to  this  point, 
while  another,  and  perhaps  more  essential  one,  the  crystalline  struc- 
ture, has  been  overlooked. 

Fuchs  expresses  his  conviction  that  iron  is  a  dimorphous  substance,, 
that  there  are,  in  fact,  two  species  (varieties)  of  iron, — the  te?seral 
and  the  rhombohedral.  He  considers  it  as  proved  that  malleable 
iron  belongs  to  the  tesseral  system ;  and  if  any  doubt  still  exists,  it 
may  be  inferred  from  analogy  that  such  is  the  case,  inasmuch  as  all 
other  malleable  metals  possess  crystalline  forms  belonging  to  this 
system. 

Tlie  crystalline  form  of  raw  iron  has  not  been  ascertained  with  st> 
much  certainty,  but  Fuchs  considers  it  highly  probable  that  it  be- 
*  See  Phil.  Mag.  Ser.  3.  vol.  xxxii.  j).  206. 
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longs  to  the  rhombohedral  system,  because  it  comes  within  the  class 
of  perfectly  brittle  metals,  the  crystalline  forms  of  which,  as  far  as 
we  are  acquainted  with  them,  are  rhombohedral. 

But  the  difference  between  malleable  and  cast  iron  does  not  con- 
sist merely  in  the  crystalline  structure,  which  may  be  open  to  doubt, 
but  likewise  in  the  physical  characters,  and  to  some  extent  in  the 
chemical  behaviour,  for  instance  the  cohesion,  hardness,  resistance 
to  fracture,  fusibility,  oxidizability,  solubility  in  acids,  &c.  He  is 
of  opinion  that  these  circumstances  alone  would  justify  the  inference 
that  tiiere  is  a  specific  difference  between  malleable  and  cast  iron, 
which  he  compares  with  those  presented  by  the  modifications  of 
sulphur,  phosphorus,  arsenious  acid,  by  glass  and  Reaumur's  porce- 
lain. 

Finally,  with  regard  to  steel,  Fuchs  is  of  opinion  that  it  is  an 
alloy  of  tesseral  and  rhombohedral  iron.  The  per-centage  of  carbon 
which  it  contains  varies  from  0*625  (Gay-Lussac)  to  1*9  (Karsten). 
It  cannot  therefore  be  regarded  as  a  definite  and  constant  compound. 
It  differs  from  other  alloys  in  the  circumstance  that  its  characters 
may  suffer  considerable  alteration  without  an  accompanying  addition 
or  loss  of  substance,  as  in  the  hardening  and  softening  of  steel, 
changes  which  Fuchs  supposes  to  be  the  result  of  an  internal  and 
alternating  metamorphosis,  by  which  the  relative  proportion  of  the 
two  species  of  iron  is  altered.  Thus,  according  to  his  views,  in 
hardened  steel  the  rhombohedral  preponderates  over  the  tesseral 
iron,  and  the  reverse  in  soft  steel.  Very  hard  steel  would,  therefore, 
from  the  very  small  proportion  of  tesseral  iron,  approximate  closely 
to  cast  iron ;  and  this  conjecture  is  favoured  by  the  low  specific 
gravity  of  hardened  steel.  By  the  process  of  tempering,  the  pro- 
portion of  tesseral  iron  in  steel  would  increase  with  the  temperature. 
The  two  kinds  of  iron  in  steel  may  be  regai  ded  as  in  a  state  of  con- 
stant mutual  tension,  which  may  perhaps  be  the  reason  why  steel 
retains  permanently  communicated  magnetism,  ..  hile  malleable  iron 
does  not. 

An  experiment  of  Schafhautl's*  would  appear  to  favour  the 
above  views.  He  submitted  a  piece  of  a  razor-blade  to  the  action 
of  tolerably  strong  hydrochloric  acid  for  several  days,  at  the  end  of 
which  time  it  was  found  to  have  been  very  unequally  attacked. 
When  washed,  dried  and  broken  in  a  mortar,  it  furnished  fragments, 
some  of  which  could  be  powdered,  while  others  were  malleable. 

With  regard  to  the  important  and  much-discussed  question  of  the 
alteration  of  malleable  iron  when  exposed  to  continuous  vibration, 
concussion  or  torsion,  in  consequence  of  which  it  acquires  a  granular 
fracture,  Fuchs  admits  that  such  an  alteration  takes  place  even  in 
the  b(  st-worked  metal,  but  does  not  altogether  agree  with  the  ex- 
planation usually  offered  for  it,  viz.  the  gradual  assumption  of  a  cry- 
stalline texture;  and  is  of  opinion  that  it  consists  in  the  passage  of 
the  iron  from  a  fibrous  crystalline  state  to  a  granular  crystalline 
state,  a  change  in  the  a<!gregation,  not  an  essential  metamorphosis. 
When  iron  jjasses  from  the  fibrous  into  the  granular  texture,  the 
cohesion  of  the  molecules  is  lessened  ;  and  by  their  aggregation  into 

*  Prechtl's  Technologischer  Encyclopddie,  Abhandlung  iiber  den  Stahl, 
vol.  XV.  p.  377. 
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rounded  groups,  a  heap  of  distinct  particles  is  produced,  which  may 
be  compared  with  what  mineralogists  call  granular  minerals.  The 
continuity  of  the  mass  is  thus  to  some  extent  destroyed,  inasmuch 
as  these  granular  particles  only  adhere  together  more  or  less,  and 
consequently  the  greater  the  size  and  number  of  these  particles  the 
greater  is  the  diminution  in  tenacity.  According  to  the  statement 
of  Kohn,  the  original  condition  of  iron  thus  altered  cannot  be 
restored  by  heating  to  redness  and  forging,  but  only  by  exposure  to 
a  welding  heat ;  and  Fuchs  considers  this  a  sufficient  proof  that  this 
alteration  of  iron  consists  in  a  breaking  up  of  the  continuity  of  the 
mass.  The  restoration  of  this  continuity  requires  that  the  granular 
iron  should,  by  exposure  to  a  welding  heat,  be  rendered  amorphous, 
Avhen  the  cohesive  force  again  becomes  active,  a  condition  which  in 
the  case  of  most  other  bodies  obtains  only  when  they  are  liquid. — 
Schweizerisches  Getverheblatt,  September  1852. 


METEOROLOGICAL  OBSERVATIO.XS  FOR  MARCH  1853. 
Chiswick. — March  1.  Snowing :  sleet :  clear  and  frosty.  2.  Uniformly  over- 
cast :  fine  :  overcast :  slight  frost.  3.  Clear  :  tine  :  cloudy  :  clear  and  frosty.  4. 
fine  :  slight  rain.  5.  Rain.  6.  Cloudy :  slight  rain.  7.  Rain :  foggy.  8.  Uni- 
for'iily  overcast :  rain  :  foggy  at  night.  9.  Foggy  :  fine.  10.  Overcast :  fine : 
clear.  11.  Foggy  :  fine  :  slight  fog.  12,  Dense  fog  :  fine  :  foggy.  13.  Slight  fog: 
very  fine  :  rain  at  night.  14.  Rain-  heavy  rain:  clear  aud  frosty.  15.  Hoar- 
frost :  large  masses  of  snow-like  clouds  :  very  fine  :  overcast.  16.  Uniform  haze : 
cloudy.  17.  Densely  overcast :  clear  and  frosty  at  night.  18.  Overcast :  frosty. 
19.  Clear :  dry  air  :  frosty.  20.  Fine  :  cloudy  :  frosty.  21.  Slight  snow  :  overcast : 
clear  and  frosty.  22.  Cloudy  aud  cold  :  clear  and  frosty.  23.  Snow-showers 
occasionally.  24.  Clear.  25.  Clear  :  cloudy  :  clear  and  frosty.  26.  Quite  clear : 
fine  :  hazy.  27.  Overcast.  28.  Cloudy.  29.  Foggy  :  dry  cold  haze.  30.  Dry 
haze :  very  fine.     31.  Very  fine  :  rain. 

Mean  temperature  of  the  month  37°'41 

Mean  temperature  of  March  1852    39*62 

Mean  temperature  of  March  for  the  last  twenty-seven  years  42  "52 

Average  amount  of  rain  in  March     l'40inch. 

Boston. — March  1.  Cloudv :  snow  a.m.  2 — 5.  Cloudy.  6.  Cloudv :  rain  p.m. 
7,8.  Cloudy.  9.  Fine.  10.  Cloudy.  11.  Fi.ie.  12.  Cloudy.  13."  Fine.  14. 
Cloudy  :  rain  a.m.,  and  rain  and  snow  p.m.  15.  Fine.  16.  Cloudy:  rain  a.m. 
and  snow  P.M.  17.  Cloudy  :  snow  p.m.  18.  Fine.  19.  Fine:  snow  a.m.  20. 
Fine.  21.  Cloudy.  22.  Cloudy  :  snow  a.m.  and  p.m.  23.  Cloudy.  24.  Fine. 
25.  Cloudy :  snow  a.m.  and  p.m.  26.  Fine.  27.  Cloudy  :  rain  a.m.  and  p.m. 
28—3).  Fine. 

Sandwich  Manse,  Orkney. — March  1.  Cloudy  a.m.  :  showers,  thaw  p.m.  2. 
Showers  a.m.  :  showers,  thaw  p.m.  3.  Fine,  frost  a.m.  :  clear,  aurora  p.m.  4. 
Fine,  thaw  a.m.  :  damp  p.m.  5.  Fine,  clear  a.m.  :  cloudy  p.m.  6.  Rain  a.m.  : 
clear,  aurora  p.m.  7.  Bright  a.m.  :  cleai-,  S.  aurora  p.m.  8.  Cloudy  a.m.  :  clear, 
aurora  p.m.  9.  Cloudy  a.m.:  cloudy,  aurora  p.m.  10.  Cloudy  a.m.:  clear, 
aurora  P.M.  11.  Bright  a.m.  :  clear,  aurora  p.m.  12.  Hazy  a.m.  :  clear,  aurora 
p.m.  13.  Bright  A.M.  :»hazy  P.M.  14.  Hazy  a.m.  and  p.m.  15.  Snow-showers 
a.m.:  sleet-showers  p.m.  10.  Snow-showers  a.m.:  cloudy  p.m.  17.  Clear, 
frost  a.m.  :  clear,  aurora  p.m.  18.  Clear, frost  a.m.:  snow-showers  p.m.  19.  Snow- 
showers  A.M.  :  clear,  frost  p.m.  20,  21.  Snow -showers  a.m.  and  p.m.  22,  23. 
Clear,  frost  a.m.  and  p.m.  24.  Clear,  snow  a.m.  :  clear  p.m.  25.  Snow-showers 
A.M.:  clear,  frost  P.M.  20.  Drops  a.m.  :  rain  p.m.  27.  Bright  a.m.  :  fine  p.m. 
28.  Bright  a.m.  :  fine,  aurora  p.m.  29.  Clear  a.m.  :  fine  p.m.  30.  Bright  a.m.  : 
cleai"  p.m.     31.  Bright  a.m.  :  cloudy  p.m. 

Mean  temperature  of  .March  for  twenty-six  previous  years ...  40°*46 

Mean  temperature  of  this  month      38  '24 

Average  quantity  of  rain  in  March  for  seven  previous  years  .      2  30  inches. 
*83  of  that  marked  as  rain  is  melted  snow. 
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LXV^.   On  Transient  Electric  Currents. 
By  Prof.  William  Thomson*. 

THE  object  of  this  communication  is  to  determine  the  motion 
of  electricity  at  any  instant  after  an  electrified  conductor, 
of  given  capacity,  charged  initially  with  a  given  quantity  of  elec- 
tricity, is  put  in  connexion  with  the  earth  by  means  of  a  wire  or 
other  linear  conductor  of  given  form  and  resisting  power.  This 
linear  conductor,  which,  to  distinguish  it  from  the  other  or  prin- 
cipal conductor,  will  be  called  the  discharger,  is  supposed  to  be 
of  such  small  electrical  capacity  that  the  whole  quantity  of  free 
electricity  in  it  at  any  instant  during  the  discharge  is  excessively 
small  compared  with  the  original  charge  of  the  principal  con- 
ductor. Now  any  difference  that  can  exist  in  the  strength  of 
the  current  at  any  instant  in  different  parts  of  the  discharger 
must  produce  accumulations  of  free  electricity  in  the  discliarger 
itself,  and  therefore  must  be  very  small  compared  with  the  actual 
strength  of  the  current  depending  on  the  discharge  of  the  prin- 
cipal conductor.  The  strength  of  the  cm-rent  throughout  the 
discharger  will  therefore  be  considered  as  the  same  at  each 
instant,  and,  being  measured  by  the  quantity  of  electricity  dis- 
charged per  second,  will  be  denoted  by  7.  Again,  the  conduct- 
ing property  and  extent  of  surface  of  the  principal  conductor, 
and  the  resistance  of  the  discharger,  will  be  considered  as  so 
related  that  the  potential  throughout  the  principal  conductor  is 
uniform  at  each  instant.  Hence  if  q  denote  the  quantity  of 
electricity  which  the  principal  conductor  possesses  at  any  time  t, 

*  Communicated  by  the  Author,  haviiifr  been  read  at  a  meeting  of  the 
Glasgow  Philosophical  Society'  on  the  19th  of  January.  1853. 
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we  have  dq  ,,. 

^=^--dt ^^^- 

Now,  if  C  denote  the  electrical  capacity  of  the  principal  conductor, 
that  is,  the  quantity  of  electricity  which  it  takes  to  make  the 
potential  within  it  unity,  the  mechanical  value  or  the  "  potential 

.    .    1  f/2 
energy  ^^  of  the  distribution  of  a  quantity  q  upon  it  is  -  -—-.    As 

this  diminishes  from  the  commencement  of  the  discharge,  and 
varies  during  the  whole  period  of  the  discharge,  corresponding 
mechanical  effects  must  be  produced  in  the  discharger  according 
to  the  general  law  of  "vis  viva/'  or  of  the  preservation  of  mecha- 
nical energy.  The  mechanical  effects  in  the  discharger  are  of 
two  kinds, — first,  the  excitation  or  alteration  of  electrical  motion ; 
secondly,  the  generation  of  heat.  To  estimate  the  first  of  these, 
it  is  necessary  to  know  the  mechanical  value  or  the  "  actual 
energ}' "  of  an  electrical  current  of  given  strength  established 
and  left  without  electromotive  force  in  the  discharger.  In  inves- 
tigations which  I  have  made  towards  a  mechanical  theory  of 
electro-magnetic  induction,! have  found  that  the  mechanical  value 
of  a  current  in  a  closed  linear  conductor  is  equal  to  the  quantity 
of  work  that  would  have  to  be  spent  against  the  mutual  electro- 
magnetic forces  between  its  parts  in  bending  it  from  its  actual 
shape  into  any  other  shape,  while  a  current  of  constant  strength 
is  sustained  in  it  by  an  external  electromotive  force,  together  with 
the  mechanical  value  of  the  current  in  the  conductor  thus  altered. 
According  to  Faradaj^s  experiments  (Experimental  Researches, 
§  1090,  &c.),  it  appears  that  the  actual  energy  of  a  current  in  a 
linear  conductor  doubled  upon  itself  throughout  its  whole  extent, 
is  either  nothing,  or  such  as  to  produce  no  sensible  spark  when 
the  circuit  is  suddenly  opened  at  any  point ;  that  is,  that  what 
can  be  obviously  interpreted  as  inertia  of  electricity  either  does 
not  exist,  or  produces  but  insensible  effects  compared  to  those 
which  have  been  attributed  to  the  "  induction  of  a  cun-ent  upon 
itself."  According  to  these  views,  the  actual  energy  of  an 
electric  cun-ent  of  given  strength  in  a  given  closed  linear  con- 
ductor would  be  detei-mined  analytically  by  calculating  the 
amount  of  work  against  mutual  electro-magnetic  actions  required 
to  double  it  upon  itself  throughout  its  whole  extent ;  but  it  may 
be  that  a  more  complete  knowledge  of  the  circumstances  will 
show  a  term  depending  on  electrical  inertia  which  must  be  added 
to  the  quantity  determined  in  that  way  to  give  the  entire  mecha- 
nical value  of  the  current,  However  this  may  be,  and  whether 
the  linear  conductor  be  open  or  closed,  it  is  obvious  that  the  actual 
energy  of  a  current  established  in  it  and  left  without  electromotive 
force  must  be  proportional  to  the  square  of  the  strength  of  the 
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current,  and  this  is  all  that  is  required  to  be  known  for  the  pre- 
sent investigation.     Let  then  n-^-y^  denote  the  actual  energy  of 

a  current  of  strength,  7,  in  the  linear  conductor  which  serves  for 
discharger  iu  the  arrangement  which  forms  the  subject  of  the 
present  investigation,  A  being  a  constant  which  may  be  called 
the  electrodjTiamic  capacity  of  the  discharger.  The  work  spent 
in  excitin":  electrical  motion  durinr;  the  time  dt  will  be 


<r^^')- 


Again,  the  work  done  in  generating  heat  in  the  same  time  is, 
according  to  Joule's  law, 

hf-dt, 

if  k  denote  the  "  galvanic  resistance  "  of  the  discharger,  or  the 
mechanical  equivalent  of  the  heat  generated  in  it,  in  the  unit  of 
time  by  a  current  of  unit  strength*.  Now  the  loss  of  potential 
energy  from  the  principal  conductor,   in  the  time  dt,  being 

~d\nfT)}  is  entirely  spent  in   producing  these  eflFects;  and 

therefore  _rf(^g=rf(l.v/)  +  AyA      ....     (2). 

This  equation  and  (1),  with  the  conditions 

9  =  Q,  and  7=0,  when  #  =  0     ....     (3), 

are  sufficient  for  the  determination  of  q  and  7  for  any  value  of 
/,  that  is,  for  the  complete  solution  of  the  problem. 
By  (1)  we  have 


-^(^y 


^.ydl, 


and  (2)  becomes 
from  which  we  find 


^ydt  =  Aydy  +  kyyt, 


,=c(a§:  +  /-^) (4). 

Substituting  for  7  its  value  by  (1),  we  obtain 

d'^g      k  do       1  ,,  ,.. 

The  general  solution  of  this  equation  is 
9  =  KeP'^-K'eP'^ 

*  See  a  paper  entitleil  "  Ajiplication  of  the  Principle  of  Mechanicxl 
Effect  to  the  Measurement  of  Electromotive  Forces  and  Galvanic  Resist- 
ances," Phil.  Mag:.  Dec.  1851. 
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where  p  and  p'  are  the  roots  of  the  equation 

Using  equations  (3)  and  (1)  to  determine  the  arbitrary  con- 
stants K  and  K',  and  to  derive  an  expression  for  7,  we  obtain  a 
complete  solution  of  the  problem  which  is  expressed  most  con- 
veniently by  one  or  other  of  the  following  sets  of  formulae, 
according  as  p  and  p'  are  real  or  imaginary : — 

Q 


7= 


2«AC 


{6» 


1 


where 


u^( 


k^ 


Q  = 

7  = 
where 


\,4A2     CaJ  ' 

-^  e~& '  |a'A  cos  («'/)  +  I  sin  (aV)  J- 

sin  [a't) 


(6), 


Q    -,^' 

e   2A 


a'AC 


(7). 


"  -  VGA     4Ay  '  ... 

Among  numerous  other  beautiful  applications  of  his  ''  electro- 
d}Tiamometer,"  Weber  has  shown  a  method  of  determining  what 
he  calls  the  "duration'^*  of  a  transient  electric  current.  In 
accordance  ^-ith  the  terms  he  uses,  the  duration,  and  the  mean 
strength  of  a  transient  current  may  be  defined  respectively  as  the 
duration  and  the  strength  that  a  uniform  current  must  have  to 
produce  the  same  effects  on  the  electro-dynamometer  and  on  an 
ordinai-y  galvanometer ;  so  that  if  T  and  F  denote  the  duration 
and  the  mean  strength  of  a  current,  of  which  the  actual  strength 
at  any  instant  is  7,  we  have 


/>* 


/ 


V 


j^dt 


f 


^dt 


(8); 


*  "  Bestimmung  der  Dauer  momentaner  Strbme  rnit  dem  Djiiamometer 
nebst  Anwendung  auf  physiologische  Versuche,"  §  1 3  of  Weber's  7i  Zec/ro- 
dynamixche  Maashestimmnngen,  Leipsic  1846. 


/ 
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since  the  electro-dynamometer  indicates  the  value  of/  y'^dt,  and 
the  ordinary  galvanometer  that  of  /  ydt.  If  for  7  we  use  the 
expression  in  either  (6)  or  (7),  we  find 

'y^^'^lm' <^'' 

as  might  have  been  foreseen,  independently  of  the  complete  solu- 
tion, by  considering  that,  as  the  heat  generated  in  the  discharger 
is  the  sole  final  eftect  produced  by  the  discharge,  the  mechanical 

value  of  the  whole  heat  generated,  or  /    ky'^dt,  must  be   equal 

-  -^,  the  mechanical  value  of  the  primitive  charge,  and  that  k 

has  been  assumed  to  have  a  constant  value  diu'ing  the  discharge. 
Again,  we  derive  from  (1)  and  (3), 

/%dt=Q, (10). 

Hence  in  the  present  case  the  expressions  for  the  duration  and 
mean  strength  of  the  current  become 


(11). 


We  conclude  that  the  "  duration  "  of  the  discharge  is  propor- 
tional to  the  capacity  of  the  principal  conductor,  and  to  the 
resistance  of  the  discharger ;  and  that  it  is  independent  of  the 
quantity  of  electricity  in  the  primitive  charge,  and  of  the  clectro- 
djTiamical  capacity  (denoted  above  by  A)  of  the  discharger. 
The  only  doubtful  assumption  involved  in  the  preceding  investi- 
gation is  that  of  the  constancy  of  k  during  the  discharge.  Joule's 
experiments  show  that  the  value  of  k  remains  unchanged  for  the 
same  metallic  conductor  kept  at  the  same  temperature,  whatever 
be  the  strength  of  the  current  passing  through  it ;  but  that  it 
would  be  increased  by  any  elevation  of  temperature,  whether 
produced  by  the  current  itself  or  by  any  other  source  of  heat, 
since  an  elevation  of  temperature  always  increases  the  galvanic 
resistance  of  a  metal.  When  large  quantities  of  electricity  are 
discharged,  or  when  the  discharger  is  a  very  fine  wire,  great 
augmentations  and  diminutions  may  therefore  take  place  in  the 
value  of  k,  and  therefore  the  solution  obtained  above  is  not  appli- 
cable to  such  cases.  If,  however,  k  denote  the  mean  resistance  of 
the  discharger  during  the  discharge,  that  is,  a  quantity  such  that 


kJ^^yHt^J^  Krfdt        (1^) 
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where  k  denotes  the  actual  resistance  at  any  instant  of  the  dis- 
charge, the  last  equations  (11)  become  merely  the  expressions 
for  the  elements  determined  by  Weber  from  observations  by 
means  of  the  two  instruments,  and  they  are  therefoi-e  applicable 
to  all  cases. 

In  the  experiments  described  by  Weber,  the  discharger  con- 
sisted of  a  wet  cord  of  various  lengths,  and  all  the  wire  of  the  electro- 
dynamometer  and  the  ordinary  galvanometer.  The  "  durations  " 
of  the  discharge  in  different  cases  were  found  to  be  nearly  pro- 
portional to  the  length  of  the  wet  cord,  and  equal  to  'OSSl  sec, 
or  about  yVth  of  a  second,  when  the  length  of  the  cord  was 
2  metres.  As  the  principal  resistance  must  undoubtedly  have 
been  in  the  w^et  cord,  we  may  infer  from  equations  (11)  and  (12) 
that  the  mean  resistances  in  all  the  different  discharges  must 
have  been  nearly  proportional  to  its  lengths.  In  some  of  the 
experiments  the  length  was  only  :p  of  a  metre,  and  the  value  of 
T  was  about  '0095  of  a  second.  Hence  the  current  in  the  string 
must  have  been  about  eight  times  as  intense  as  when  the  dura- 
tion was  yVj  since  the  quantities  of  electricity  discharged  were 
nearly  equal  in  the  different  cases.  We  conclude  that  the  inten- 
sity of  the  current  cannot  have  materially  affected  the  resisting 
power  of  the  cord;  probably  not  nearly  so  much  as  inevitable 
differences  arising  from  accidental  circumstances  in  the  diffei-ent 
experiments.  Hence,  although  nothing  is  known  with  certainty 
regarding  the  non-electrolytic  resistance  of  liquid  conductors  in 
general,  it  is  probable  that  the  whole  resistance  of  the  discharger 
in  Weber's  experiments  must  have  been  nearly  independent  of 
the  strength  of  the  current  at  each  instant ;  and  we  may  therefore 
consider  the  general  solution  expressed  above  by  (6)  or  (7)  as  at 
least  approximately  applicable  to  these  cases. 

The  two  forms  (6)  and  (7)  of  the  solution  of  the  general  pro- 
blem indicate  two  kinds  of  discharge  presenting  very  remarkable 
distinguishing    characteristics.       Thus    in    all    cases    in    which 

k^  \ 

r-r-^  exceeds  p-r-,  the  exponentials  in  (6)  are  all  real ;  and  the 

solution  expressed  by  these  equations  shows  that  the  quantity  of 
electricity  on  the  principal  conductor  diminishes  continuously, 
and  that  the  discharging  current  commences  and  gradually 
increases  in  strength  up  to  a  time  given  by  the  equation 

(   k  \     -(JL-^)t  (  k  \     -(JL^ec)t  . 

-V2A-^)^    Ua      )    +(2^+«je    U      )    =0, 
or  k 


/_F i_Y 

\4A^     CA/ 

„Yil  _  j_y  '"^_^  _  /_^ i_  Y 

'^\4A2     CA/         2A      Ua^     CA/ 
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after  which  it  diminishes  gradually,  and,  as  well  as  the  quantity 
of  electricity  on  the  principal  conductor,  becomes  nothing  when 

1  k^ 

t=x  .  On  the  other  hand,  when  p-T- exceeds  jj2,  the  expo- 
nentials and  trigonometrical  functions  in  (7)  are  all  real ;  and 
the  solution  expressed  by  these  equations  shows  that  the  prin- 
cipal conductor  loses  its  charge,  becomes  charged  with  a  less 
quantity  of  the  contrary  kind  of  electricity,  becomes  again  dis- 
charged, and  after  that  charged  with  a  still  less  quantity  of  the 
same  kind  of  electricity  as  at  first,  and  so  on  for  an  infinite 
number  of  times  before  equilibmmi  is  established.  The  times 
at  which  the  charge  of  either  kind  of  electricity  on  the  principal 
conductor  is  a  maximum,  being  those  at  which  7  vanishes,  are 
the  roots  of  the  equation  sin  (aV)  =  0,  and  therefore  follow  suc- 

TT 

cessively  fi'om  the  commencement  at  equal  intenals  — .  The 
quantities  constituting  the  successive  maximum  charges  are 

_  ATT  2A~  Sk-TT 

Q,      -Qe  ^',     Qe~2^«',      -Qe  ^',  &c.    .    (14); 
each  being  less  in  absolute  magnitude  than  that  which  precedes 

k- 

it  in  the  ratio  of  1  :  e--^* ,  and  of  the  opposite  kind.  The  strength 

dy 
of  current  will  be  a  maximum  in  either  direction  when  -7^  =  0, 

or  when 

k 

^Y  sin  (a7)  =a'  cos  («'/) ; 

and  therefore  if  Tj,  To,  &:c.  denote  the  successive  times  when 
this  is  the  case,  measured  from  the  commencement  of  the  dis- 
charge, and  7i,  73,  &c.  the  corresponding  maximimi  values  of 
the   strength  of  the  ciu'rent,  and  if  0  denote  the  acute  angle 

2Aa' 
satisfying  the  equation  tan  6  =  — 7—,  wc  have 

m_  0      _  _  e  +  TT  _  d  +  27r 

VCA     4AV  VCA     4AV  VGA     -AAV 

Q  --^T, 


A 


VCA     4AV 


fi={-T^)yv 


It  is  probable  that  many  remarkable  phrenomena  which  have 
been  observed  in  connexion  with  electrical  discharges  arc  due  to 
the   oscillatory  character  which  wc  have  thus  found  to  be  pos- 


400  Prof.  Thomson  on  Transient  Electric  Currents. 

sessed  when  the  condition 

is  fultillod.  Thus  if  the  interval  of  time  -j-^ ,g  ^  .,  at  which 

(1 iiy 

VGA     4AV 

the  successive  instants  when  the  strength  of  the  current  is  a 
maximum  follow  one  another,  be  sufficiently  great,  and  if  the 
evolution  of  heat  in  any  part  of  the  circuit  by  the  current  during 
several  of  its  alternations  in  direction  be  sufficiently  intense  to 
produce  visible  light,  a  succession  of  flashes  diminishing  in 
intensity  and  following  one  another  rapidly  at  equal  intervals 
will  be  seen.  It  appears  to  me  not  improbable  that  double, 
triple,  and  quadruple  flashes  of  hghtning  which  I  have  frequently 
seen  on  the  continent  of  Europe,  and  sometimes,  though  not  so 
frequently  in  this  countiy,  lasting  generally  long  enough  to 
allow  an  observer,  after  his  attention  is  drawn  by  the  first  light 
of  the  flash,  to  turn  his  head  round  and  see  distinctly  the  course 
of  the  lightning  in  the  sky,  result  from  the  discharge  possessing 
this  oscillatory  character.  A  corresponding  phsenomenon  might 
probably  be  produced  artificially  on  a  small  scale  by  discharging 
a  Leyden  phial  or  other  conductor  across  a  very  small  space  of 
air,  and  through  a  linear  conductor  of  large  electrodynamic 
capacity  and  small  resistance.  Should  it  be  impossible  on 
account  of  the  too  great  rapidity  of  the  successive  flashes  for 
the  unaided  eye  to  distinguish  them,  Wheatstone's  method  of  a 
revolving  mirror  might  be  employed,  and  might  show  the  spark 
as  several  points  or  short  lines  of  light  separated  by  dark  inter- 
vals, instead  of  a  single  point  of  light,  or  of  an  unbroken  line  of 
light,  as  it  would  be  if  the  discharge  were  instantaneous,  or  were 
continuous  and  of  appreciable  duration. 

The  experiments  by  Riess  and  others  on  the  magnetization  of 
fine  steel  needles  by  the  discharge  of  electrified  conductors,  illus- 
strate  in  a  very  remarkable  manner  the  oscillator}-  character  of 
the  discharge  in  certain  circumstances ;  not  only  when,  as  in  the 
case  with  which  we  are  at  present  occupied,  the  whole  mecha- 
nical effect  of  the  discharge  is  produced  within  a  single  linear 
conductor,  but  when  induced  currents  in  secondary  conductors 
generate  a  portion  of  the  final  thermal  equivalent. 

The  decomposition  of  water  by  electricity  from  an  ordinary 
electrical  machine,  in  which,  as  has  been  shown  by  Faraday, 
more  than  the  electro-chemical  equivalent  of  the  whole  electricity 
that  passes  appears  in  oxygen  and  hydrogen  rising  mixed  from 
each  pole,  is  probably  due  to  electrical  oscillations  in  the  dis- 
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charger  consequent  on  the  successive  sparks*.  Thus^  if  the 
general  law  of  electro-chemical  decomposition  be  applicable  to 
currents  of  such  ven.'  short  duration  as  that  of  each  alternation 
in  such  an  oscillatory  discharge  as  may  take  place  in  these  cir- 
cumstances^ there  will  be  decomposed  altogether  as  much  water 
as  is  electro-chcmically  equivalent  to  the  svim  of  the  quantities 
of  electricity  that  pass  in  all  the  successive  currents  in  the  two 
directions,  while  the  quantities  of  oxygen  and  hydrogen  which 
appear  at  the  two  electrodes  will  differ  by  the  quantities  arising 
from  the  decomposition  of  a  quantity  of  water  elect ro-chemically 
equivalent  to  only  the  quantity  of  electricity  initially  contained 
by  the  principal  conductor.  The  formulse  investigated  above 
will  be  applicable  to  this  case  if  the  end  of  the  discharging  train 
next  the  machine  be  placed  in  metallic  communication  with  an 
insulated  conductor,  satisfying  the  conditions  laid  down  with 
reference  to  the  "principal  conductor"  at  the  commencement  of 
this  paper,  and  if  this  conductor  be  successively  electrified  by 
sparks  from  the  machine.  The  whole  quantity  of  water  decom- 
posed will  therefore  be  the  electro-chemical  equivalent  of  the 
sum  of  the  absolute  values  of  the  quantities  of  electricity  flowing 
out  of  and  into  the  principal  conductor  during  the  successive 
alternations  of  the  current,  that  is,  according  to  the  preceding 
formulae,  the  electro-chemical  equivalent  of  the  quantity, 

_  klT 
kiT  2A-7r  ^1+6    ^A^T' 

Q(l-l-2e~2A«'-f2e~2A«'4-&c.),   or   Q --j^, 

1— e  2A^' 

of  electricity.     This  quantity  will  be  the  greater  the  more  nearly 

-*iL  .         '    .  .    2Aa'      /4A       \4 

e  2A«'  approaches  to  unity,  that  is  the  greater  is  —7—  or  (  ttt—  1  J  , 

4A  . 

or  the  greater  is  .p •       Hence  the  greater  the  electro-dynamic 

capacity  of  the  discharger,  the  less  its  resistance,  and  the  less 

*  This  explanation  occurred  to  me  about  a  year  and  a  half  ago,  in  con- 
sequence of  the  conclusions  regarding  the  oscillatory  nature  of  the  discharge 
in  certain  circumstances  drawn  from  the  mathematical  investigation.  I 
afterwards  found  that  it  had  been  suggested,  as  a  conjecture  by  Helmholtz, 
in  his  Erhaltung  der  Kraft  (Berlin  lt<47),  in  the  following  terms  : — 

"  **  It  is  easy  to  explain  tliis  law  if  we  assume  that  the  discharge  of  a 
battery  is  not  a  simple  motion  of  the  electricity  in  one  direction,  but  a  back- 
ward and  forward  motion  between  the  coatings,  in  oscillations  which  become 
continually  smaller  until  the  entire  vis  viva  is  destroyed  by  the  sum  of  the 
resistances.  The  notion  that  the  current  of  discharge  consists  of  alter- 
nately ojiposed  currents  is  favoured  by  the  alternately  o])posed  magnetic 
actions  of  the  same ;  and  secondly,  by  the  phaenomena  observed  by  Wol- 
laston  while  attempting  to  decompose  water  by  electric  shocks,  that  both 
descriptions  of  gases  are  exhibited  at  both  electrodes."  [Quoted  from  the 
translation  in  Taylor's  New  Scientific  Memoirs,  Part  II.] 
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the  electro-statical  capacity  of  the  principal  conductor,  the 
greater  will  be  the  whole  quantity  of  water  decomposed.  Pro- 
bably the  best  arrangement  in  practice  would  be  one  in  which 
merely  a  small  ball  or  knob  is  substituted  for  a  principal 
condiictor  fulfilling  the  conditions  prescribed  above ;  but  those 
conditions  not  being  fulfilled,  the  circumstances  would  not  be 
exactly  expressed  by  the  formulse  of  the  present  communica- 
tion. The  resistance  would  be  much  diminished,  and  conse- 
quently the  whole  quantity  of  water  decomposed  much  increased, 
by  substituting  large  platinum  electrodes  for  the  mere  points 
used  by  Wollaston ;  but  then  the  oxygen  and  hydrogen  separated 
during  the  first  direct  current  would  adhere  to  the  platinum 
plates,  and  would  be  in  part  neutralized  by  combination  with 
the  hydrogen  and  oxygen  brought  to  the  same  plates  respectively 
by  the  succeeding  reverse  cm-rent ;  and  so  on  through  all  the 
alternations  of  the  discharge.  In  fact,  if  the  electrodes  be  too 
large,  all  the  equivalent  quantities  of  the  two  gases  brought  suc- 
cessively to  the  same  electrode  will  recombine,  and  at  the  end  of 
the  discharge  there  will  be  only  oxygen  at  the  one  electrode  and 
only  hydrogen  at  the  other,  in  quantities  electro-chemically  equi- 
valent to  the  initial  charge  of  the  principal  conductor.  Hence 
we  see  the  necessity  of  using  very  minute  electrodes,  and  of 
making  a  considerable  quantity  of  electricity  pass  in  each  dis- 
chai'ge,  so  that  each  successive  alternation  of  the  current  may 
actually  liberate  from  the  electrodes  some  of  the  gases  which  it 
draws  from  the  water.  Probably  the  most  effective  arrangement 
would  be  one  in  which  a  Ley  den  phial  or  other  body  of  consider- 
able capacity  is  put  in  connexion  with  the  machine  and  discharged 
in  sparks  through  a  powerful  discharger,  not  only  of  great 
electro-djmamic  capacity  and  of  as  little  resistance  as  possible 
except  Avhere  the  metallic  communication  is  broken  in  the  elec- 
trolytic vessel,  but  of  great  electro-statical  capacity  also,  so  that 
all,  or  as  great  a  portion  as  possible,  of  the  oscillating  electricity 
may  remain  in  it  and  not  give  rise  to  successive  sparks  across 
the  space  of  air  separating  the  discharger  from  the  source  of  the 
electricity. 

The  initial  effect  of  a  uniform  electromotive  force  in  establish- 
ing a  current  in  a  linear  conductor  may  be  determined  by  giving 

C  and  Q  infinite  values  in  the  preceding  formulse,  and  p-  a  finite 

value  y,  which  will  amount  to  supposing  the  potential  at  one 
end  of  the  discharger  to  be  kept  constantly  at  the  value  V,  while 
the  potential  at  the  other  end  is  kept  at  zero.  The  formulse 
suitable  to  this  case,  which  is  obviously  a  case  of  non-oscillatory 
discharge,  are  (6) ;  and  from  them  we  deduce 

y=y^(l-e--A') (16), 


"^Ck' 
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which   agrees  Avith  conclusions   arrived  at  by   Helmholtz  and 

others. 

This  result  shows  how,  when  a  linear  conductor,  initially  in  a 

state  of  electrical  equilibrium,  becomes  subjected  to  a  constant 

electromotive  force  V  between   its   extremities,  a  current  com- 

...  .  .    .    V 

mences  in  it  and  rises  gradually  m  strength  towards  the  limit  -r . 

K 

This  limit  cannot  be  perfectly  reached  in  any  finite  time,  although 
in  reality  only  a  very  minute  time  elapses  from  the  commence- 
ment in  ordinary  cases,  until  the  current  acquires  so  nearly  the 

V 

full  strength  -7-  that  no  further  augmentation  is  perceptible*. 

The  equations  (6),  expressing  generally  a  continuous  discharge, 
assume  the  following  forms  when  A  is  infinitely  small, 

Q   --^1 

^     '^^'' 

g'=Qe   AC     J 

which  show  how,  when  anything  like  electrical  inertia  is  insen- 
sible, the  current  commences  instantly  with  its  maximum  strength, 
and  then  gradually  sinks  as  the  charge  gradually  and  perma- 
nently leaves  the  principal  conductor. 

One  of  the  results  of  the  preceding  investigation  shows  a  very 
important  application  that  may  be  made  of  Weber's  experimental 
determination  of  the  "duration"  of  a  transient  current,  to  enable 
us  to  determine  the  numerical  relation  between  electro-statical 
and  electro-magnetic  units.  For  if  a  denote  the  quantity  of 
electricity  in  electro-statical  measure  which  passes  in  the  unit  of 
time  to  constitute  a  current  of  unit  strength  in  electro-magnetic 
measure,  the  strength  of  a  current  expressed  above  by  7  will  be 

-  7,  in  terms  of  the  electro-magnetic  unit ;  and  if  K  denote  the 

resistance,  in  absolute  electro-magnetic  measure,  of  a  linear  con- 
ductor of  which  the  resistance  measured  as  above  in  terms  of  the 
electro-statical  unit  is  k,  we  have 


k(|)"-=..^ 


which  gives  ^^K ^jgj 


*  Sec  a  pa])cr  by  lloluilioltz   in   Pog<;c'iulorft"s  Annalen,  1S52,  which 
contains  vahiablc  icseaiches,  both   theoretical  and  experimental,  on  this 


subject. 
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Hence  the  first  of  equations  (11)  gives 

<^=  [-Y-)       (19)- 

Now  Weber  has  not  only  detcrinincd  T,  in  certain  cases  alluded 
to  above,  but  has  shown  how  K  may  be  determined  for  any  linear 
conductor.  Again,  the  value  of  C  for  a  Leyden  phial  is,  accord- 
ing to  Green  and  Faraday,  expressed  by  the  equation 

C  =  l4^ (20), 

where  S  denotes  the  area  of  one  side  of  the  coated  glass,  t  the^ 
thickness  of  the  glass,  and  I  the  specific  inductive  capacity  of  its 
substance*.  Thus,  either  by  using  a  Leyden  phial  or  some  other 
conductor  of  which  the  electro-statical  capacity  can  be  found, 
and  by  determining  the  "  duration "  of  a  discharge  from  it 
through  a  linear  conductor,  of  which  the  resistance  in  absolute 
electro- magnetic  measure  has  been  determined,  we  have  every- 
thing that  is  required  for  calculating  the  value  of  <t  by  means  of 
equation  (19).  The  determination  of  this  quantity  enables  us 
to  compare  the  electro-statical  and  electro-magnetic  measures  of 
electromotive  force.  For  if  V  denote  a  constant  difference  of 
potentials  kept  up  between  the  two  extremities  of  a  linear  con- 
ductor, and  if  <y  denote  the  strength  of  the  uniform  current  that 
results,  we  have,  according  to  the  conclusions  drawn  above 
from  (16), 

V 

But  if  F  denote  the  electromotive  force  between  the  ends  of  the 
linear  conductor  in  electro-magnetic  measure,  we  have 

1    _F_J_ 

and  therefore 

F  =  (7V (21). 

Many  diflFerent  ways  of  determining  the  value  of  this  important 
element,  a,  besides  that  suggested  above,  might  probably  be  put 
in  practice.  Perhaps  the  most  accurate  would  be  to  take  a  mul- 
tiple galvanic  battery  of  constant  and  known  electromotive  force 
(consisting,  for  instance,  of  a  hundred  or  more  cells  of  DauielFs), 
and  measure  the  force  of  attraction  between  two  plane  conduct- 

*  The  value  of  I  for  flint-glass  is,  according  to  Faraday  (Experimental 
Researches,  Series  XI.),  greater  than  1*76,  for  shell-lac  about  2,  for  sulphur 
rather  more  than  2'2.  See  a  paper  "  On  the  Elementary  Laws  of  Statical 
Electricity,"  §  8.  (Cambridge  and  Dublin  Mathematical  Journal,  vol.  i. 
Nov.  1845.) 
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ors  parallel  to  one  another  at  a  very  small  measured  distance 
asunder,  with  only  air  between  them.  If  X  be  the  force  of 
attraction  thus  measured,  a  the  distance  between  the  conductors, 
S  the  area  of  each  or  of  that  portion  of  each  which  is  directly 
opposed  to  the  other,  and  V  the  difference  of  the  electrical  poten- 
tial kept  up  between  them  by  the  battery,  we  should  have 

and  therefore,  if  F  be  the  electromotive  force  of  the  battery  in 
electi'o-magnetic  measure, 

_  F 

°"~     /87rX\^ 


LXVI.   On  a  proposed  Test  of  the  Necessity  of  Indirect  Proof  in 
Geometrical  Demonstrations,    with    Remarks   on    Methods  of 
Demonstration.     By  James  Auamson,  D.D. 
[Concluded  from  p.  338.] 

AN  earlier  recognition  of  the  true  nature  of  axioms,  and  of  the 
real  use  of  definitions,  would  have  restricted  considerably 
the  controversies  which  have  arisen  respecting  parallelism.  To 
assume  a  property  as  a  criterion  of  parallelism,  and  another  as  a 
criterion  of  non-parallelism,  except  the  one  be  proved  to  be  a 
deduction  from  the  other,  would  not  only  have  been  disapproved 
in  Euclid,  but  have  been  avoided  as  contrary  to  reason.  Con- 
siderable oversight  as  to  the  character  of  defining  has  also 
occurred  in  neglecting  the  principle,  that  the  property  assumed 
as  the  criterion  of  the  thing  defined  must  be  single,  or  be  a 
hypothesis  alone,  and  not  both  a  hypothesis  and  a  conclusion. 

The  relation  of  parallels  is  such,  that  that  which  is  true 
regarding  two  points,  when  a  given  line  crosses  them,  or  that 
which  is  true  of  two  pairs  of  points,  when  there  are  two  perpen- 
diculars between  them,  determines  necessarily  the  existence  of 
the  relation,  and  whatever  other  properties  belong  to  it.  Among 
the  necessary  conseqiiences  are  the  conclusions,  that  what  is 
true  of  two  points,  or  of  two  pairs  of  points,  is  true  of  all  others  ; 
but  these  properties  must  be  made  conclusions  by  demonstra- 
tion. It  is  a  remarkable  characteristic  of  this  relation,  that 
sophisms  intrude  so  unexpectedly  into  the  minds  of  inquirers, 
and  that  the  same  failures  are  so  often  repeated.  A  sufficiently 
definite  idea  of  the  real  source  of  the  difficulty  has  not  perhaps 
been  entertained  in  these  instances.  However  the  properties 
under  consideration  may  be  treated,  it  is  evident  that  somewhere 
in  the  series,  either  of  the  direct  or  of  the  converse  statements, 
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it  must  happen  that  boundlessness  of  extent  in  two  non-concur- 
rent lines,  combined  with  straightncss  in  the  individual  lines, 
must  occur  as  a  hypothesis,  from  which,  unaided  by  anything 
else,  we  must  deduce  positive  conclusions  as  to  equality  of  angles 
or  of  lines.  xVnd  it  is  as  evident  that  whether  we  take  as  the 
defining  criterion  of  parallelism,  that  two  perpendiculars  are 
equal,  or  that  two  alternate  angles  are  equal,  the  difficulty  equally 
awaits  us,  with  regard  to  other  perpendiculars  and  other  alter- 
nate angles. 

Assuming  the  hypothesis  that  two  straight  lines  are  equally 
inclined  to  a  straight  line  crossing  them,  it  is  easy  by  a  short" 
argument  to  prove  that  if  they  met  each  other  on  either  side  of 
the  crossing  line,  they  would  meet  also  on  the  other  side  of  it, 
and  that  therefore  they  cannot  meet,  though  produced  on  either 
side.  It  would  then  be  the  natural  mode  of  proceeding,  and  it 
has  ever  been  the  aim  of  geometricians,  to  take  in  hand  for  de- 
monstration the  converse  statement,  in  which  the  hypothesis 
consists  of  the  two  facts  of  straightness  and  non-concmTence. 
The  failure  in  this  has  mainly  arisen  from  inattention  to  the 
nature  of  one  of  the  facts  of  the  hypothesis,  and  of  its  presence 
among  the  data,  as  determining  the  only  mode  of  argument 
which  the  case  admits  of.  It  has  been  hesitatingly  suggested 
whether  the  doctrine  of  limits,  as  it  is  termed,  can  be  admitted 
as  an  element  in  the  proof.  Now  the  doctrine  of  limits  means 
either  that  the  existence  of  a  limit  to  a  set  of  varying  objects 
exists,  and  may  be  demonstrated,  or  that  there  are  opposite 
variations,  real  or  imaginary,  between  which,  following  the  law 
of  continuity,  a  limit  must  exist.  In  the  first  instance,  that 
there  is  a  limit  is  to  be  established,  on  a  given  hypothesis,  as  a 
fact.  The  second  affords  undoubtedly  the  only  mode  by  which, 
conversely,  any  conclusion  can  be  deduced  from  the  nature  of  a 
limit  possessing  the  character  of  infinitude.  An  unreal  limit 
determined  by  unreal  variations  may  be  compared  with  a  real 
one,  so  as  to  lead  to  a  contradiction,  when  the  limit  so  deter- 
mined results  from  a  false  supposition.  We  thence  determine 
the  solitariness  of  the  real  limit,  or  else  that  it  alone  can  have 
the  property  which  it  is  the  object  of  our  demonstration  to  attach 
to  it.  It  is  thus  that  a  curve  is  shown  to  be  the  solitary  limit 
between  interior  straight  lines  enveloped  by  it,  and  exterior 
straight  lines  enveloping  it,  or  that  it  is  greater  than  the  sum  of 
the  one  set,  and  less  than  the  sum  of  the  other  set;  and  its 
solitariness  as  the  limit  of  any  exterior  set  is  demonstrated  by 
the  contradiction  evolved  from  the  assumption,  that  any  set  of 
exterior  straight  lines  is  the  limit.  If  however  this  solitariness 
be  not  established  in  such  a  case,  the  demonstration  is  a  failure. 

Now  in  regard  to  parallelism,  it  is  to  be  observed  that  the 
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equality  of  inclination  of  two  straight  lines  crossed  by  another, 
establishes  the  fact  of  their  non-concurrence,  so  that  their  con- 
dition is  the  limiting  one  of  all  concurrent  straight  lines  passing 
through  the  intersections  of  the  crossing  line.  Instead  there- 
fore of  the  introduction  of  the  doctrine  of  limits  being  a  matter 
of  doubt  as  to  its  propriety,  it  is  the  only  logically  legitimate 
mode  in  which  the  end  can  be  attained,  when  we  make  the  non- 
concurrence  of  the  lines  to  be  tlie  hypothesis.  The  limiting  case 
is  in  our  hands  as  the  only  foundation  of  our  reasoning.  The 
argument  has  to  predicate,  "Because  the  straight  lines  never 
meet  therefore,'^ — the  hiatus  never  has  been,  and  never  can  be 
supplied  in  any  other  than  the  mode  now  stated. 

The  late  Sir  John  Lesslie  introduced  the  doctrine  of  limits  in 
this  form, — that  if  there  be  a  base  and  a  perpendicular,  and 
straight  lines  crossing  the  summit  of  the  perpendicular  and 
meeting  the  base,  then,  regarding  the  angles  formed  by  these 
crossing  lines  on  one  side  of  the  perpendicular,  one  group  of 
them  will  form  angles  less  than  a  right  angle,  and  the  other 
will  form  angles  greater  than  a  right  angle;  and  since  they 
diverge  from  the  same  point  and  approach  one  another,  making, 
as  they  approach,  angles  which  are  more  and  more  nearly  equal, 
therefore  the  limit  between  the  two  groups,  which  does  not 
meet  the  base  on  either  side,  must  make  angles  which  are  equal, 
or  are  right  angles.  This  seems  the  clearest  mode  of  stating 
the  argument,  as  rendering  the  notion  of  revolution  unuccessaiy. 
But  the  argument  fails  in  establishing  the  singleness  of  the  limit 
of  concurrence,  for  though  the  angles  approach  to  right  angles 
as  the  points  of  concurrence  retire  from  the  perpendiculai",  there 
is  nothing  in  the  reasoning  to  show  that  concurrence  may  not 
have  ceased  before  the  angles  become  right  angles.  It  therefore 
leaves  the  point  undetermined,  whether  there  can,  or  cannot  be 
more  than  one  straight  line  tlu-ougli  a  point  non-concurrent  with 
another,  and  therefore  fails  to  demonstrate  that  the  straight  line 
is  necessarily  perpendicular  to  both  the  non-concurrent  straight 
lines,  simply  in  virtue  of  their  never  meeting. 

The  defect  however  may  be  supplied  as  follows : — Let  there 
be  through  the  summit  of  the  perpendicular  a  straight  line  whicli 
never  meets  the  given  base,  then,  if  this  be  not  also  at  right  an- 
gles to  the  pei])cndicular,  through  the  same  point,  /.  e.  the  sum- 
mit of  the  perpendicular,  a  straiglit  line  may  make  right  angles 
with  the  perpendicular,  and  therefore  never  meet  the  given 
base.  Hence  there  are  two  through  the  same  point  which  never 
meet  the  given  base,  and  since  they  form  an  angle,  there  must 
be  an  indefinite  number  having  the  same  character.  But  through 
the  same  point  there  may  be  drawn  innumerable  straight  lines 
which  meet  the  given  1)ase,  therefoi'e  there  must  be  a  limiting 
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one  of  this  group,  being  the  last  of  those  which  meet  the  given 
base,  and  forming,  of  all  these  lines,  the  furthest  from  the  given 
})erpendicular.  Let  such  a  straight  line  be  drawn ;  then  extend 
the  base  beyond  it ;  and  it  is  evident,  that,  from  a  point  in  the 
extension,  another  straight  line  may  be  drawn  further  from  the 
perpendicular  than  that  which  is  furthest.  This  is  a  contradic- 
tion, and  therefore  no  other  than  the  non-concu.rrent  lines  can  be 
at  right  angles  to  the  perpendicular,  or  it  is  perpendicular  to 
both." 

Legendre's  mode  of  obviating  this  difficulty  has  been  objected 
to,  but  not  perhaps  exactly  at  the  point  where  it  is  objectionable.. 
^Ye  may  grant  as  legitimate,  the  conclusion  that  an  angle  of  a 
triangle  is,  as  to  its  magnitude,  dependent  on  some  function  of 
the  other  two,  or  that  A  =  0(B,C) ;  but  though  it  be  a  truth,  the 
certainty  of  which  may  mislead  the  mind  in  these  inquiries,  that 
when  B  and  C  are  given  A  is  determined,  yet  that  truth  does 
not  necessarily  result  from  this  argument ;  for  angles  can  be 
found  which  are  determined  when  other  two  are  given,  but  are 
not  therefore  absolutely  determined  to  be  equal.  Even  in  the 
case  before  us,  180^ — A  and  90^ — A,  or  the  supplement  and 
complement  of  A,  are  expressible  by  the  symbol  ^  (B,  C),  and 
so  is  any  multiple  or  part  of  A.  There  is  therefore  nothing  in 
the  nature  of  the  argument,  whatever  there  may  be  in  the  nature 
of  the  facts,  to  exclude  the  position  that  when  B  and  C  are  given 
there  may  be  two  triangles  containing  them,  but  having  the  other 
angles  supplementary,  or  only  definitely  related,  but  not  identi- 
cal. In  rectangular  trihedral  trigonometry  (improperly  called 
spherical,  for  arcs  may  have  nothing  to  do  with  the  matter),  any 
one  of  three  different  angular  quantities  is  expressible  by  ^(B,C), 
therefore  from  the  fact  that  A  =  ^(B,  C)  and  A'  =  ^(B,  C),  it 
is  not  logical  to  conclude  A  =  A'. 

All  modes  however  of  deriving  anything  from  the  properties 
of  triangles  is,  in  regard  to  this  subject,  inadmissible,  from  an- 
other consideration.  If  ever  the  vast  advantage  of  natural  ar- 
rangements in  regard  to  scientific  treatises  is  adequately  con- 
ceived, then  the  subject  of  angles  alone,  independent  of  the  mag- 
nitude or  ratio  of  sides,  will  form  the  first  or  commencing  section 
of  elementary  geometry.  This  will  afford  the  subordinate  sec- 
tions of  {a)  angles  at  one  point;  {b)  angles  at  two  points,  or 
parallelism ;  (c)  angles  at  more  than  two  points,  or  those  of 
figures  depending  on  the  number  of  the  sides.  In  proceeding 
from  what  is  established  regarding  angles  at  one  point  to  the 
subject  of  parallelism,  logic  ought  not  to  fail,  for  there  must  be 
found  in  the  nature  of  things  reasoned  about,  sufficient  founda- 
tions for  all  conclusions  which  are  true  regarding  them.  For 
this  end  we  require  a  twofold  preparation,  consisting  in  a  pro- 
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cess  for  the  comparison  of  certain  results,  and  a  sound  and  suffi- 
cient hypothesis  expressed  in  a  definition.  The  process  alluded 
to  ^-ill  be  found  in  this,  that  if  thei-e  be  two  equal  straight  lines, 
and  others  at  their  extremities  forming  angles  with  them,  which 
are  equal  each  to  each,  then  we  show  by  application  and  coin- 
cidence, that  if  the  straight  lines  attached  to  one  of  the  given 
equals  meet  each  other,  those  attached  to  the  other  will  also 
meet.  This  is  a  consequence  of  equality  in  angles,  which  rela- 
tion however  we  should  take  care  to  define.  Our  argument 
aflFords  the  conclusion,  that  from  a  point  in  a  straight  line,  or  out 
of  it,  there  can  be  only  one  perpendicular  to  the  straight  line. 

If,  in  proceeding  onwards,  we  are  to  reason  clearly,  we  must 
avoid  embarrassing  ourselves  with  the  limit  as  our  hypothesis, 
and  also  with  those  properties  which  require  the  limit  to  be  in- 
terposed as  a  hypothesis  in  our  subsequent  deductions.  That 
property  of  parallelism  which  satisfies  the  required  conditions 
may  be  thus  stated.  Parallel  straight  lines  are  such  that  every 
straight  line  passing  through  a  definite  (given  or  single)  point  in 
one  of  them,  nmst,  if  prolonged,  meet  the  other.  If  this  defi- 
nite point  be  in  the  one  A,  it  is  easy  to  show  that  eveiy  straight 
line  passing  through  any  other  point  of  A  will  meet  the  other  B  ; 
and  from  this  truth,  combined  with  the  position  that  there  can  be 
only  one  perpendicular  to  a  straight  line  at  or  from  any  point, 
the  conclusion  is  obvious,  that  a  straight  line  perpendicular  to  B 
is  also  perpendicular  to  A ;  and  then  by  the  lemma  above-men- 
tioned, the  converse  position  is  deduced,  that  every  straight  line 
which  meets  B  must  also  meet  A.  Thus  the  defining  test  of 
parallelism  is  extended  to  the  form  as  a  theorem — "  that  every 
straight  line  which  meets  one  must  meet  the  other." 

From  this  the  conclusions  readily  emerge  as  theorems,  "  that 
such  straight  lines  never  meet,"  and  that  "  they  are  equally  in- 
clined to  any  straight  line  meeting  them;"  and  as  a  corollary, 
"  that  through  any  point  a  straight  line  may  pass  so  as  to  be 
parallel  to  another,"  according  to  the  principle  assumed  in  the 
definition.  This  is  a  provision  for  treating  the  converses,  among 
which,  in  this  mode  of  proceeding,  the  instance  must  occur  in 
which  the  limit  of  concurrence  is  the  hypothesis.  It  is  easily 
deduced  from  what  was  stated  above  as  to  perpendiculars  to  both 
of  the  parallels.  Hence  we  demonstrate  that  straight  lines 
equally  inclined  to  a  given  straight  line  are  parallel,  according 
to  the  assumed  definition.  Hence  the  last  converse  statement 
needed  to  complete  the  series  is  easily  deduced,  viz.  if  there  be 
two  straight  lines  which,  though  produced  ever  so  far,  do  not 
meet,  these  lines  are  parallel ;  or  are  such,  that  every  straight 
line  meeting  the  one  must  meet  the  other.  This  will  follow 
from  the  precedins;   argument,  or  more  shortlv,  bv  assuming 
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that  they  are  not  parallel,  and  then  applying  the  corollary  above- 
mentioned,  showing  that  through  a  point  in  one  of  them  a  straight 
line  would  pass  so  as  to  be  parallel  to  the  other,  and  therefore 
the  two  given  straight  lines  would  meet,  which  is  a  contradiction. 

In  the  last  two  instances  it  might  perhaps  have  been  assumed^ 
that  if  the  given  straight  lines  were  not  parallel,  then  through  a 
point  in  either,  a  straight  line  might  pass  so  as  to  be  parallel  to 
the  other,  in  the  sense  of  the  assumed  definition.  This  w^ould 
have  shortened  the  arguments,  but  is  not  so  strictly  logical.  We 
are  entitled  to  assume  an  example  of  anything  defined,  but  are 
scarcely  entitled  to  assume  anything  more  than  that  one  ex-- 
ample,  or  some  other  exhibiting  the  assumed  property  under  the 
same  relation  to  other  things. 

The  equality  of  the  perpendiculars  can  be  deduced  from  the 
same  hypothesis,  but  this  scarcely  belongs  to  the  same  group  of 
relations,  inasmuch  as  it  depends  on  and  establishes  the  relations 
of  straight  lines  as  to  length. 

The  following  points  will  perhaps  be  found  to  be  established 
by  the  considerations  which  have  been  offered : — 

1.  That  definitions  are  the  primary  hypotheses  on  which  all 
conclusions  rest,  and  ought  to  be  chosen  so  that  these  conclusions 
follow^  readily  and  clearly  from  them. 

2.  That  in  employing  definitions  or  converses  of  theorems  as 
criteria,  the  source  of  certainty  is  the  reduction  to  a  contradic- 
tion of  some  statement  opposite  in  character  to  the  criterion. 

3.  That  all  argument  must  necessarily,  as  to  its  nature,  de- 
pend on  the  character  of  the  hypothesis,  and  that  logic  fails  only 
when  this  necessity  is  not  attended  to. 

LXYII.  On  Rubian  and  its  Products  of  Decomposition^. 
By  Edward  Schuxck,  F.R.S. 

Pakt  Il.t 

Action  of  Alkalies  and  Alkaline  Earths  on  Rubian. 

IN  the  first  part  of  this  paper  I  have  described,  in  general  terms, 
the  effect  produced  on  rubian  by  alkalies.  It  is  only  the  fixed 
alkalies  that  are  capable  of  effecting  the  decomposition  of  rubian. 
Ammonia  produces  no  perceptible  change  in  a  watery  solution 
of  this  substance,  except  that  of  altering  its  colour  from  yellow 
to  blood-red.  This  blood-red  colour  remains  unchanged  even 
after  long-continued  boiling,  and  the  solution  still  contains 
rubian,  for  on  supersaturating  the  ammonia  with  acid,  the  solu- 
tion again  becomes  yellow,  and  not  the  slightest  precipitate  is 
produced.     The  fixed   alkalies,   on    the    other   hand,  act   veiy 

*  From  the  Philosophical  Transactions  for  Part  I,  1853;  having  been 
read  June  10,  1852. 

t  Part,  I.  was  given  in  the  3rd  volume  of  this  Journal. 
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differently.  On  adding  caustic  soda  to  a  solution  of  rubian,  the 
colour  of  the  solution  first  changes  to  blood-red.  On  boiling 
the  liquid,  however,  its  colour  soon  changes  again  from  blood-red 
to  purple.  This  alteration  in  colour  indicates  the  formation  of 
alizarine.  If  the  boiling  be  continued,  there  is  deposited,  as 
the  liquid  becomes  more  concentrated,  a  dark  purple  powder, 
which  consists  mainly  of  a  compound  of  alizarine  and  soda, 
and  separates  in  consequence  of  its  insolubility  in  caustic  lye. 
After  the  liquid  has  been  boiled  for  some  time,  then,  provided 
the  quantity  of  soda  employed  be  sufficiently  large,  the  rubian 
is  entirely  decomposed.  On  now  adding  sulphuric  acid  in 
excess,  a  quantity  of  orange-coloured  flocks,  exactly  likf  those 
produced  by  the  action  of  acids  on  rubian,  is  precipitated,  while 
the  liquid  becomes  almost  colourless.  These  flocks  are  separated 
by  filtration  and  washed  with  cold  water,  until  the  sulphate  of 
soda  and  sulphuric  acid  are  entirely  removed.  They  now  consist 
mainly  of  four  substances,  viz.  1st,  Alizarine;  2ndly,  Rubiretine ; 
3rdly,  Verantine ;  and  4thly,  a  substance  which  has  not  hitherto 
been  observed,  and  to  which  I  shall  give  the  name  of  Rubiadine. 
In  order  to  separate  these  substances  from  one  another,  I 
adopt  almost  the  same  method  as  that  employed  for  the  separa- 
tion of  the  products  of  decomposition  with  acids.  The  mixture 
is  first  treated  with  boiling  alcohol,  which  dissolves  the  greatest 
part,  leaving  undissolved  however  a  considerable  quantity  of  a 
dark  brown  flocculent  substance.  This  substance  invariably 
accompanies  the  other  products  of  the  action.  It  is,  however, 
as  its  properties  and  composition  show,  a  secondary  product  of 
decomposition,  the  formation  of  which  I  shall  explain  pre- 
sently. To  the  dark  yellow  alcoholic  solution,  after  filtration 
from  this  flocculent  substance,  there  is  added  acetate  of  alumina, 
which  produces  a  dark  red  precipitate.  This  precipitate,  which 
is  a  compound  of  alizarine  and  verantine  with  alumina,  is  decom- 
posed with  muriatic  acid,  and  the  alizarine  and  verantine  are 
separated  from  one  another  by  means  of  acetate  of  copper,  and 
purified  in  the  manner  which  I  have  before  described,  when 
treating  of  the  products  of  decomposition  with  acids.  The  liquid 
filtered  from  this  alumina  compound  is  still  yellow.  On  adding 
to  it  sulphuric  acid  and  a  large  quantity  of  water,  the  substances 
dissolved  in  it  are  precipitated  in  the  shape  of  yellow  flocks, 
which  after  filtration  and  edulcoration  are  redissolved  in  boiling 
alcohol.  On  adding  acetate  of  lead  to  this  solution,  there  is 
produced  a  dark  purplish-brown  precipitate,  which  consists  of 
rubiretine  and  verantine  in  combination  with  oxide  of  lead.  The 
liquid  still  remains  yellow,  and  is  filtered  from  the  precipitate. 
The  latter,  on  being  decomposed  with  boiling  nuiriatic  acid,  gives 
a  brown  powder,  whicli,  after  filtration  and  edulcoration,  is  treated 

2  E  2 


412     Dr.  Schunck  on  Riibian  audits  Products  of  Decomposition, 

with  cold  alcohol.  This  dissolves  the  rubiretine,  leaving  behind 
the  greatest  part  of  the  verantine.  The  alcoholic  liquid,  after 
filtration  and  evaporation,  leaves  a  residue  of  rubiretine  with  its 
usual  appearance  and  properties.  Should  it  not  melt  easily  when 
thrown  into  boiling  water,  it  must  again  be  treated  with  a  small 
quantity  of  cold  alcohol,  when  an  additional  portion  of  verantine 
remains  undissolved,  and  the  alcohol  on  evaporation  usually  gives 
pure  rubiretine.  Should  it,  however,  still  contain  verantine,  the 
process  of  treating  with  cold  alcohol  must  be  repeated,  until  it 
is  free  from  that  substance.  The  alcoholic  liquid  filtered  from 
the  lead  precipitate  contains  the  substance  which  1  call  rubiadine.- 
In  order  to  obtain  it  in  a  state  of  purity,  water  is  added  to  the 
solution.  This  produces  a  yellow  precipitate,  which  after  filtra- 
tion is  treated  with  just  sufficient  boiling  alcohol  to  dissolve 
it.  To  the  solution  while  boiling,  there  is  added  hydrated  oxide 
of  lead,  which  takes  up  the  impurity,  consisting  chiefly  of  rubi- 
retine, and  renders  the  solution  of  a  lighter  yellow.  The  liquid, 
after  being  filtered  boiling  hot,  deposits  the  rubiadine  on  cooling 
in  small  yellow  needles.  An  additional  quantity  may  be  procured 
by  evaporating  the  mother-liquor,  but  this  portion  is  not  suffi- 
ciently pure  to  assume  a  crystalline  form,  and  has  the  appearance 
of  an  amorphous  yellow  powder.  By  exposing  it  to  heat,  however, 
a  crystalline  sublimate  of  rubiadine  may  be  obtained. 

The  acid  liquid  filtered  from  the  mixture  of  the  four  preceding 
substances  still  contains  in  solution  another  product  of  decom- 
position. After  neutralizing  the  sulphuric  acid  with  carbonate 
of  lead,  and  evaporating  the  filtered  liquid  to  dryness,  a  residue 
is  left,  which  is  treated  with  alcohol.  This  leaves  undissolved 
the  sulphate  of  soda,  and  after  filtration  and  evaporation  gives  a 
brown  glutinous  mass,  which  has  all  the  properties  of  the  sugar 
produced  by  the  action  of  acids  on  rubian.  It  is  this  sugar, 
which,  by  the  continued  action  on  it  of  the  caustic  alkali,  gives 
rise  to  the  formation  of  the  dark  broT\'n  flocculent  substance, 
insoluble  in  alcohol,  which  is  found  mixed  Avith  the  four  pre- 
ceding products  of  decomposition.  This  fact  is  sufficiently  proved 
by  the  composition  of  the  latter  substance,  which  is  identical  with 
that  of  the  brown  substance  produced  by  the  action  of  strong 
acids  on  ordinary  sugar. 

The  products  formed  by  the  action  of  caustic  baryta  on 
rubian  do  not  differ  from  those  resulting  from  the  action  of 
caustic  soda.  On  adding  caustic  baryta  to  a  solution  of  rubian 
and  Vjoiling  for  some  time,  the  rubian  is  entirely  decomposed  ; 
the  decomposition,  as  might  be  supposed,  requiring  a  rather 
longer  time  for  its  completion  than  in  the  case  of  caustic  soda. 
After  the  process  is  finished,  the  products  of  decomposition  are 
found  for  the  most  part  in  combination  with  baryta  in  the  shape 
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of  a  purple  powder,  while  the  liquor  still  retains  a  red  colour. 
The  purple  powder  is  placed  on  a  filter  and  slightly  washed  with 
cold  water.  On  passing  carbonic  acid  through  the  filtered  liquid, 
the  latter  losea  its  red  colour,  and  a  yellow  flocculent  substance 
is  precipitated  together  with  carbonate  of  barj'ta.  The  liquid, 
after  being  boiled  in  order  to  decompose  the  bicarbonate  of 
baryta,  and  then  filtered,  is  evaporated  over  sulphuric  acid  at 
the  ordinary  temperature,  when  it  leaves  a  substance  of  a  light 
brown  colour,  which  resembles  the  sugar  produced  by  the  action 
of  acids  on  i-ubian,  but  is  not  quite  so  deliquesceut.  This  sub- 
stance, as  I  shall  presently  show,  is  in  fact  a  baryta  compound 
of  sugar.  The  mixture  of  yellow  flocks  and  carbonate  of  baryta 
is  now  added  to  the  purple  powder  before  mentioned,  and  the 
whole  is  treated  with  muriatic  acid  in  order  to  extract  the  barj'ta. 
The  acid  leaves  undissolved  a  quantity  of  orange-coloured  flocks, 
which  consist,  as  before,  of  alizarine,  rubiretine,  verantine,  and 
rubiadine,  as  well  as  of  some  of  the  dark  brown  flocculent  sub- 
stance, insoluble  in  boiling  alcohol,  and  are  separated  from  one 
another  in  the  manner  just  described.  If  sulphuric  acid  be  em- 
ployed instead  of  carbonic  acid  for  separating  the  baryta  from 
the  red  liquid,  and  the  excess  of  acid  be  neutralized  with  carbo- 
nate of  baryta,  the  liquid  on  evaporation  gives  a  substance  exactly 
similar  to  that  obtained  in  the  other  case,  being  also  a  compound 
of  sugar  and  banta,  but  differing  from  the  latter  in  containing 
only  half  the  quantity  of  banta.  The  identity  of  the  alizarine 
and  rubiretine  obtained  by  the  action  of  alkalies,  with  those  pro- 
duced by  the  action  of  acids  on  rubian,  is  proved  by  the  following 
analyses. 

0'2255  grni.  crystallized  alizarine  obtained  by  means  of  caustic 
soda,  lost  on  being  heated  in  the  water-bath,  0*0405  water 
=  17"96  per  cent. 

0-1820  grra.  of  the  dry  substance,  burnt  with  chromate  of 
lead*,  gave  0*4610  carbonic  acid  and  0*0770  water. 

These  numbers  correspond  in  100  parts  to — 

Carbon 69*07 

Hydrogen 4*70 

Oxygen 26*23 

I.  0*2610  grm.  rubiretine,  prepared  by  means  of  caustic  soda, 
and  di'ied  at  100°  C,  gave  0*6505  carbonic  acid  and  0*1250 
water. 

II.  0*3630  grm.  rubiretine,  prepared  by  means  of  caustic 
baryta,  gave  0*9130  carbonic  acid  and  0*1715  water. 

*  In  order  to  avoid  repetition,  1  may  state  that  all  the  organic  analyses' 
given  in  this  paper,  in  which  the  material  used  for  combustion  is  not  espe- 
cially mentioned,  were  performed  with  chromate  of  lead. 
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These  numbers  correspond  in  100  parts  to — 

I.  II. 

Carbon  ....     68-60  68-59 

Hydrogen    .     .     .       5-32  5-24 

Oxygen.     .     .     .     2608  26-17 

1  did  not  obtain  a  sufficient  quantity  of  verantine  in  a  pure 
state  for  the  purpose  of  analysis,  but  the  properties  of  the  sub- 
stance formed  by  the  action  of  alkalies  on  rubian  corresponded 
so  exactly  with  those  of  the  verantine  produced  by  the  action  of 
acids,  as  to  leave  no  doubt  of  their  identity, 

The  compound  of  sugar  and  baryta,  obtained  by  the  action  of 
baryta  on  rubian,  is  similar  in  appearance  to  the  sugar  itself. 
Its  colour  is  light  brown,  and  when  dry  it  is  brittle  and  trans- 
parent like  dried  gum  or  varnish.  It  exhibits  no  trace  of  cry- 
stalline form.  It  is  more  easily  reduced  to  a  state  of  dryness 
than  the  sugar  itself,  and  deliquesces  much  less  when  exposed 
to  a  moist  atmosphere  than  the  latter.  When  its  solution  is 
mixed  with  acetate  of  lead,  the  whole  of  the  sugar  seems  to  be 
precipitated  in  combination  with  oxide  of  lead.  On  analysing  a 
specimen  of  this  substance  prepared  by  precipitating  the  excess 
of  baryta  with  carbonic  acid,  I  obtained  the  following  results  : — 

I.  0-6375  grm.  heated  for  several  hours  in  the  water-bath, 
gave  0-5245  carbonic  acid  and  0-1945  water. 

II.  0-7575  grm.  gave  0*6320  carbonic  acid  and  0*2235  water. 
0-4860  grm.  gave  0-3480  sulphate  of  baryta,  equivalent  to 

0-22838  baryta. 

From  these  numbers  may  be  deduced  the  following  compo- 
sition : — 


Eqs. 

Calculated. 

I. 

II. 

Carbon  .     . 

.     12 

72         22-20 

22-43 

22-69 

Hydrogen  . 

.     11 

11           3-39 

3-39 

3-26 

Oxygen .     . 

.     11 

88         27-14 

2706 

Baryta  • 

.       2 

153-2    47-27 
324-2    10000 

46-99 
100-00 

If  the  baryta  contained  in  the  solution  of  sugar  be  precipi. 
tated  with  sulphuric  acid,  and  the  latter  be  again  neutralized 
with  carbonate  of  baryta,  there  is  obtained,  as  I  mentioned 
above,  a  compound  of  sugar  and  baryta  containing  less  baryta 
than  the  preceding.     Its  analysis  yielded  the  following  results  : — 

I.  0-4330  grm.  gave  0*4670  carbonic  acid  and  0-1825  water. 

II.  0-3770  grm.  heated  for  several  hours  longer  at  100^  C, 
gave  0'4150  carbonic  acid  and  0-1570  water. 

0-3890  grm.  gave  0*1890  sulphate  of  barvta,  equivalent  to 
0-1240  baryta. 
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Hence  may  be  deduced  the  following  composition  : — 

Eqs.  Calculated.  I.  II. 

Carbon.     .     .     12         72         3017         29-41         3001 

Hydrogen  .     .     10         10  4-19  4-68  462 

Oxygen.     .     .     10         80         33-54  3349 

Baryta  ...       1         76-6      32- 10  31-88 

2^38^  10000  100-00 

This  compound,  it  will  be  seen,  is  identical  in  composition 
with  the  baryta  compound  of  cane-sugar.  If  the  formulae  of 
the  two  compounds  be  compared  together,  it  is  evident  that  if 
both  be  correct,  the  one  containing  most  baryta  must  be  written 
thus,— C12  RIO  0^0  +  BaO  +  BaO  HO.  In  this  case,  however,  it 
would  be  difficult  to  conceive  how  it  is  possible  for  the  second 
atom  of  baryta  to  escape  the  action  of  the  carbonic  acid  used  in 
its  preparation.  It  is  therefore  more  probable  that  the  true  for- 
mula is  Ci2IpoOi?+2BaO,  which  requires  in  100  parts,— 

Carbon 22-84 

Hydrogen 3- 17 

Oxygen 25-39 

Baryta 48-60 

In  fact  the  amount  of  carbon  and  hydrogen  found  by  erpe- 
riment  agrees  better  with  these  numbers  than  with  those  of  the 
other  formula. 

These  analyses  lead  to  the  conclusion,  that  the  sugar  formed 
by  the  decomposition  of  rubian  contains  12,  not  14  atoms  of 
cai'bon.  Nevertheless  it  is  doubtful  whether  in  these  baryta 
compounds  the  sugar  exists  in  the  same  state  as  it  does  when 
formed  by  the  action  of  acids  on  rubian.  In  the  latter  state  it 
seems  incapable  of  entering  into  combination  with  bases  such  as 
baryta  or  oxide  of  lead.  It  is  therefore  probable  that  by  the 
continued  action  on  it  of  alkalies  or  alkaline  earths  it  undergoes 
some  change,  possibly  in  consequence  of  the  loss  of  the  elements 
of  water. 

Among  the  products  of  the  action  of  alkalies  on  rubian,  I  have 
mentioned  a  dark  brown  substance  insoluble  in  boiling  alcohol. 
This  substance  is  soluble  in  alkalies  with  a  brown  colour,  and 
is  reprecipitated  by  acids.  It  resembles  in  all  respects  the  black 
substances  bearing  the  general  name  of  humus,  which  are  formed 
by  the  action  of  strong  acids  and  alkalies  on  ordinary  sugar.  It 
was  analysed  with  the  following  result : — 

0-3215  grm.  gave  0-8010  carbonic  acid  and  0-1260  water. 

In  100  parts  therefore  it  contains — 

Carbon 68-20 

Hydrogen 4*35 

Oxygen 2745 
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The  ulmic  acid  of  Mulder,  obtained  by  the  action  of  muri- 
atic acid  on  cane-sugar,  contains,  according  to  that  chemist 
(C  =  611),- 

Carbon 68-95 

Hydrogen 4-23 

Oxygen 26-82 

The  formula  giyen  by  Mulder  for  ulmic  acid,  viz.  C'^^H^'^O^^, 
requires  in  100  parts — 

Carbon 68-57 

Hydrogen 4-00 

Oxygen 27*43 

The  identity  in  composition  and  properties  of  this  acid,  and 
the  substance  formed  by  the  action  of  alkalies  on  rubian,  leave 
no  doubt  of  their  being  the  same. 

Rubiadine. — This  substance,  which  has  not  hitherto  been  ob- 
sened  among  the  products  derived  from  madder,  bears  a  close 
resemblance  in  its  appearance  and  many  of  its  properties  to 
rubianine,  the  place  of  which  it  in  fact  occupies  in  the  series  of 
substances  produced  by  the  action  of  alkalies  on  rubian.  Besides 
its  composition,  however,  there  are  several  properties  belonging 
to  it  so  characteristic,  that  it  cannot  be  confounded  with  rubianine 
or  any  of  the  substances  previously  described.  When  crystallized 
from  alcohol,  it  is  obtained  m  the  shape  of  small  yellow  or  orange- 
coloured  needles.  A  very  minute  degree  of  impurity,  however, 
seems  to  prevent  its  assuming  a  crystalline  form,  in  which  case 
it  is  obtained  in  small  granular  masses,  or  as  a  yellow  amor- 
phous powder.  It  may  be  purified  by  dissolving  it  in  a  small 
quantity  of  boiling  alcohol,  and  adding  to  the  boiling  solution 
either  hydrated  oxide  of  lead,  or  protoxide  of  tin.  On  filtering 
boiling  hot  and  allowing  to  cool,  it  ci*}'stallizes  out.  When 
heated  on  platinum  foil,  it  melts  and  burns  with  flame.  AVhen 
cautiously  heated  between  two  watch-glasses,  it  may  be  almost 
entirely  volatilized.  On  the  lower  glass  a  very  slight  carbona- 
ceous residue  is  left,  while  the  upper  glass  is  covered  with  a 
quantity  of  partly  yellow,  partly  orange-coloured  micaceous 
scales,  endowed  with  considerable  lustre.  These  scales  possess 
all  the  properties  of  rubiadine  itself.  Rubiadine  is  insoluble  in 
water.  It  communicates  hardly  any  colour  to  boiling  water,  and 
the  filtered  liquid  deposits  nothing  on  cooling.  It  is  more  solu- 
ble in  alcohol  than  rubianine.  It  dissolves  in  concentrated  sul- 
phuric acid  with  a  dark  yellow  colour,  and  is  reprecipitated  by 
water  in  yellow  flocks.  If  the  solution  in  sulphuric  acid  be 
boiled,  the  colour  changes  to  a  dark  yellowish-brown,  a  little 
sulphurous  acid  is  disengaged,  and  the  addition  of  water  now 
causes    a  yellowish-brown   pi-ecipitate.     On  treating  rubiadine 


Dr.  Schunck  on  Rubian  and  its  Products  of  Decomposition.     417 

with  boiling  nitric  acid,  it  dissolves,  nitrous  acid  is  disengaged, 
and  the  liquid  on  cooling  deposits  nothing,  so  that  the  substance 
seems  to  be  decomposed  by  the  acid.  Towards  alkalies  rubia- 
dine  behaves  in  a  similar  manner  to  rubianine.  Ammonia  and 
carbonate  of  soda  change  its  colour  very  little  in  the  cold.  It  is 
only  on  boiling  the  alkaline  liquids  that  it  dissolves  with  a  blood- 
red  colour.  It  is  precipitated  from  its  alkaline  solutions  by 
acids  in  thick  yellow  flocks.  The  ammoniacal  solution  on  expo- 
sure to  the  air  loses  its  ammonia  and  deposits  the  substance  in 
the  shape  of  a  yellow  uncrystalline  pellicle.  On  adding  chloride 
of  barium  to  the  ammoniacal  solution,  no  eflect  is  pi-oduced  at 
first,  but  after  some  time  a  slight  dark  red  precipitate  falls. 
Chloride  of  calcium,  added  to  the  ammoniacal  solution,  pro- 
duces almost  immediately  a  copious  light  red  precipitate.  Acetate 
of  lead  gives  no  precipitate  in  an  alcoholic  solution  of  rubiadine, 
and  water  throws  down  rubiadine  in  an  uncombined  state.  On 
adding  acetate  of  copper  to  the  alcoholic  solution,  no  effect  ensues 
at  first  beyond  a  darkening  of  the  solution,  but  after  a  few  mo- 
ments a  dark  brownish-red  precipitate  falls;  the  supernatant 
liquid  remains  yellow,  bvit  contains  very  little  rubiadine  in  solu- 
tion. When  treated  with  a  boiling  solution  of  perchloride  of 
iron,  rubiadine  does  not  dissolve.  The  liquid  changes  very 
slightly  in  colour,  and  gives  after  filtration  only  a  very  slight 
precipitate  on  the  addition  of  muriatic  acid.  The  residue  left 
undissolved  by  the  perchloride  of  iron  is  unchanged  rubiadine. 
By  its  volatility,  when  exposed  to  heat,  and  by  its  insolubility 
in  boiling  water,  rubiadine  may  be  easily  distinguished  from 
rubianine,  which  cannot  be  strongly  heated  without  decomposi- 
tion, and  is  soluble  in  boiling  water. 

I  only  obtained  sufficient  rubiadine  in  a  state  of  purity  for  one 
analysis,  which  gave  the  following  results  : — 

0"2575  grm.  gave  0"6725  carbonic  acid  and  0*1120  water. 

These  numbers  correspond  in  100  parts  to — 

Carbon 71*22 

Hydrogen 4-83 

Oxygen 23-95 

There  are  several  formulae  with  which  this  composition  agrees, 
but  only  two  which  at  the  same  time  satisfactorilv  explain  the 
formation  of  this  substance,  viz.  C^'-H^^os  and  C"H'*0". 
The  great  similarity  in  properties  between  rubiadine  and  rubia- 
nine makes  it  probable  that  both  have  a  similar  composition,  and 
as  it  is  almost  certain  from  the  experiments  above  detailed  that 
the  formula  of  the  sugar  resulting  from  the  decomposition  of 
rubian  is  C'^  H'^  0^-,  it  follows  that  the  true  formula  of  rubiadine 
must  be  one  of  the  two  just  given. 
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These  formulae  require  respectively  in  100  parts — 

Carbon  .     .     .     .     71-64  71-93 

Hydrogen    .     .     .       4-47  4*08 

Oxygen  •     .     .     .     23-89  2399 

If  the  first  formula  be  the  correct  one,  then  the  formation  of 
rubiadine  is  due  to  the  splitting  up  of  1  equiv.  of  rubian,  after 
the  assimilation  of  2  equivs.  of  water,  into  1  equiv.  of  rubiadine 
and  2  equivs.  of  sugar,  as  will  be  seen  by  the  following  equa- 
tion : — 

2eqs.of Sugar       =C^m^'^0^^\  _   rCSSHS^Oso^leq.ofRubian. 
leq.  of  Rubiadine  =  C32H  1^0  ^j~\      H  ^0  2  =  2eqs.  of  Water. 

Q56JJ36Q32  Q66]^36Q32 

If  the  formula  of  rubianine  be  C^^  H^^  0^^,  rubiadine  will  differ 
from  it  by  containing  the  elements  of  7  equivs.  of  water  less. 
If  the  formula  of  rubiadine  be  C'^H^^O'^,  then  its  formation 
would  presuppose  the  splitting  up  of  1  equiv.  of  rubian  into 
1  equiv.  of  rubiadine,  1  equiv.  of  sugar  and  7  equivs.  of  water, 
for 

C44  HIS  Qii  ^  C12  H12  012  ^  7H0  =  C^  E^  0^°. 

It  appears  therefore  that  the  action  of  alkalies  on  rubian  differs 
in  its  results  from  the  action  of  acids  only  in  one  respect,  that 
alkalies  as  well  as  acids  give  rise  to  the  formation  of  five  distinct 
products  of  decomposition,  that  four  of  these  are  in  both  cases 
perfectly  identical,  and  that  the  fifth  substance  produced  by  the 
action  of  acids  is  replaced  in  the  case  of  alkalies  by  another,  which, 
though  perfectly  distinct,  is  so  similar  both  in  properties  and 
composition,  that  it  may  be  considered  as  in  every  respect  its 
equivalent. 

Action  of  Ferments  on  Rubian. — It  has  long  been  suspected 
by  chemists  that  the  colouring  matter  of  madder  owes  its  forma- 
tion to  some  process  of  fermentation,  but  the  exact  nature  of  the 
process  has  hitherto  remained  unknown.  Mr.  Higgin  first 
pointed  out  the  fact,  that  a  formation  of  colouring  matter  takes 
place  even  during  the  short  period  occupied  in  the  process  of 
dyeing,  and  he  attributes  it  to  the  action  of  some  albuminous 
substance  contained  in  madder  on  xanthine.  That  some  process 
of  decomposition  takes  place  on  extracting  madder  with  cold  or 
tepid  water  and  exposing  the  extract  to  a  moderate  temperature, 
is  proved  by  the  fact  that  the  extract,  if  concentrated,  becomes 
after  some  time  thick  and  gelatinous;  and  that  the  process 
of  decomposition  takes  effect  chiefly  on  the  rubian  is  apparent, 
since  the  extract,  after  it  has  become  gelatinous,  is  found  to  have 
lost  its  bitter  taste  and  the  greater  part  of  its  yellow  colour. 
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In  order  to  prepare  the  peculiar  substance  contained  in  madder 
which  has  the  properly  of  effecting  the  decomposition  of  rubian, 
I  proceed  in  the  following  manner.     A  quantity  of  madder  having 
been  placed  on  a  piece  of  calico  or  fine  canvas,  there  is  poured 
on  it  for  every  pound  of  madder  taken  about  four  quarts  of 
distilled  water,  which  may  be  either  cold  or  of  a  temperature  of 
about  38°  C.     The  latter  temperature  is  preferable,  as  the  water 
then  percolates  more  rapidly.     To  the  extract  there  is  added, 
without  any  delay,  aboiit  an  equal  volume  of  alcohol,  which  causes 
the  separation  of  a  quantity  of  dark  reddish-brown  flocks.    These 
flocks  are  allowed  to  settle,  and  the  supernatant  yellowish-brown 
liquid  is  decanted.     Fresh  alcohol  is  added  to  the  flocks,  which 
are  then  placed  on  a  paper  filter,  and  washed  on  the  filter  with 
additional  quantities  of   alcohol,  until   the  percolating   liquid, 
which  is  at  first  strongly  coloured,  becomes  almost  colourless. 
This  process  of  washing,  which  often  lasts  a  long  time,  may  be 
assisted  by  removing  the  mass  from  the  filter  and  shaking  it  up 
with  moderately  warm  alcohol.     The  substance  on  the  filter  has 
now  the  appearance  of  a  dark  reddish-brown  mass,  which  when 
rubbed  between  the  fingers  produces  the  same  granular  feeling 
as  coagulated  caseine,  the  sliminess  which  characterized  it  on  its 
first  precipitation  with  alcohol  having  disappeared.     Now  this 
substance  possesses  in  au  eminent  degree  the  power  of  effecting 
the  decomposition  of  rubian.     If  a  quantity  of  it  be  added  to  a 
solution  of  rubian,  and  the  mixture  be  left  to  stand  at  the  ordi- 
nary temperature,  a  complete  change  is  found  to  have  taken 
place  in  the  course  of  a  few  houi-s.    The  liquid  is  converted  into 
a  trembling  jelly  of  a  light  brown  colour,  which  is  perfectly 
tasteless,  insoluble  in  cold  water,  and  so  consistent,  that  if  the 
solution  of  rubian  was  tolerably  concentrated,  the  vessel  may  be 
reversed  without  its  falling  out.     It  is  manifest  from  this  experi- 
ment that  it  is  this  substance  which  constitutes  the  active  fer- 
menting principle  of  madder,  and  that  for  the  purpose  of  under- 
standing the  nature  of  the  process  of  fermentation  peculiar  to 
madder,  it  is  necessary  to  examine  the  action  of  this  substance 
on  rubian.     I  shall  therefore  in  the  first  place  describe  the  pro- 
ducts resulting  from  this  action,  after  which  I  shall  return  to  the 
consideration  of  its  other  properties. 

On  adding  to  a  watery  solution  of  rubian  a  quantity  of  the 
ferment,  prepared  in  the  manner  just  described,  the  latter  loses 
its  granular  nature  and  diffuses  itself  in  the  solution  without 
actually  dissolving,  forming  a  muddy,  mucilaginous  liquid.  On 
allowing  this  mixture  to  stand  in  a  moderately  warm  j)lacc,  the 
rubian  is  gradually  decomposed  and  converted  into  a  brown  jelly, 
similar  in  appearance  and  consistency  to  coagulated  blood. 
Here   and  there  interspersed  in  the  mass  yellow  streaks    and 
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spots,  consisting  of  long  hair-like  crystals,  are  sometimes  dis- 
cernible. If,  after  twenty-foui-  hours,  the  jelly  on  being  mixed 
with  cold  water  still  yields  to  the  latter  any  yellow  colour,  it  is 
a  sign  that  the  rubian  is  not  entirely  decomposed,  and  more 
ferment  must  be  added,  the  mixture  being  again  allowed  to  stand 
until  the  liquid  has  become  tasteless  and  colourless.  During 
this  process  none  of  the  usual  signs  of  fermentation  are  mani- 
fested. The  liquid  remains  perfectly  neutral,  and  no  gas  of  any 
kind  is  disengaged.  In  order  however  to  be  perfectly  sure  of 
the  latter  point,  I  took  a  solution  of  rubian  in  water,  mixed  it 
with  ferment,  poured  the  mixture  into  a  graduated  glass  tube> 
and  inverted  the  latter  over  mercury.  After  standing  in  this 
way  for  several  days,  not  a  particle  of  gas  had  collected  at  the 
top  of  the  tube,  notwithstanding  which  the  rubian  was  entirely 
decomposed^  and  on  examination  the  products  of  decomposition 
were  found  to  be  precisely  the  same  as  those  formed  in  the  usual 
manner.  This  experiment  proves  not  only  that  no  gas  is  evolved 
during  the  fermentation  of  rubian,  but  also  that,  as  Higgiu  has 
observed,  the  access  of  atmospheric  aii-  is  not  necessary  during 
the  process. 

The  decomposition  of  the  rubian  being  completed,  a  little  water 
is  added  to  the  mass,  and  the  gelatinous  substance  left  undissolved 
by  the  water  is  placed  on  a  filter  and  slightly  washed  with  cold 
water.  The  percolating  liquid  is  almost  colourless.  The  gela- 
tinous mass  on  the  filter  now  consists  partly  of  the  ferment 
employed,  and  partly  of  substances  formed  by  the  decomposition 
of  the  rubian.  These  substances  are  six  in  number,  of  which  three 
are  bodies  previously  described,  and  three  are  new.  They  are, — 
1st,  Alizarine ;  2ndly,  Verantine ;  3rdly,  Rubiretine  ;  4thly,  a  sub- 
stance closely  resembling  rubiacine,  which  I  shall  call  Rubiafine ; 
5thly,  a  substance  very  similar  to  rubianine  and  rubiadine,  to 
which  I  shall  give  the  name  of  Rubiagine ;  and,  6thly,  a  peculiar 
fatty  substance  which  I  shall  denominate  Rubiadipine.  These 
substances  are  separated  in  the  following  manner.  The  mixture 
is  treated  ^\'ith  boiling  alcohol.  The  alcohol,  which  assumes  a 
dark  reddish-yellow  colour,  is  filtered,  and  the  substance  on 
the  filter  is  treated  again  with  boiling  alcohol,  until  the  latter 
acquires  thereby  only  a  light  yellow  colour.  The  substance  left 
on  the  filter  consists  of  the  ferment,  which  has  undergone  no 
apparent  change  either  in  quantity  or  properties.  To  the  alco- 
holic liquid  there  is  now  added  acetate  of  alumina,  which  pi-o- 
duces  a  dull  yellowish-red  precipitate.  This  precipitate,  which 
consists  of  alizarine,  verantine  and  rubiafine  in  combination  with 
alumina,  is  separated  by  filtration  and  decomposed  with  boiling 
muriatic  acid,  which  leaves  undissolved  a  quantity  of  orange- 
coloured  flocks.    The  liquid  filtered  from  the  alumina  precipitate 
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has  a  dark  brownish-red  colour.    By  adding  to  it  sulphuric  acid 
and  a  large  quantity  of  water,  the  substances  contained  in  it  are 
precipitated  in  the  shape  of  a  yellow  powder.    This  powder  yields 
nothing  to  boiling  water,  which  proves  the  absence  of  rubianine 
among  the  products  of  decomposition.     After  being  separated 
by  filtration,  and  washed  with  water  to  remove  the  acid  and 
aluminous  salts,  it  is  again  dissolved  in  boiling  alcohol,  and  to 
the  boihng  solution  there  is  added  an  excess  of  sugar  of  lead, 
which  causes  a  dark  purple  precipitate,  the  liquid  becoming  dark 
yellow.     The  latter  is  filtered  boiling  hot  and  then  mLxed  with 
a  large  quantity  of  water,  which  produces  a  dull  orange-coloured 
precipitate,  consisting  of  rubiagine  and  rubiadipine  in  combina- 
tion with  oxide  of  lead.    This  precipitate  is  boiled  with  sulphuric 
acid,  which  turns  it  yellow ;  and  after  the  excess  of  acid  has  been 
removed  with  water,  it  is  treated  wath  boiling  alcohol,  which 
leaves  undissolved  a  quantity  of  sulphate  of  lead,  and  acquires 
a  yellow  colour.     The  alcohol  on  evaporation  leaves  a  residue 
consisting  of  rubiagine  and  rubiadipine.    This  residue  is  treated 
with  cold  alcohol,  in  which  the  rubiadipine  dissolves  easily,  and 
is  obtained  on  again  evaporating  as  a  dark  brown,  soft,  fatty 
mass.     The  rubiagine  left  undissolved  is  treated  with  a  small 
quantity  of  warm  alcohol,  which  removes  an  additional  quantity 
of  rubiadipine,  together  with  a  portion  of  the  substance  itself, 
and  on  redissolving  it  in  boiling  alcohol  and  evaporating  sponta- 
neously, it  appears  in  the  form  of  a  lemon-yellow  mass  consisting 
of  small  crystalline  grains.    The  dark  purple  precipitate  produced 
by  sugar  of  lead  consists  of  oxide  of  lead  in  combination  with  rubi- 
retine,  alizarine, verantine  and  rubiafine.  It  is  treated  with  boiling 
muriatic  acid,  which  dissolves  the  oxide  of  lead.     The  yellow 
flocks  left  by  the  muriatic  acid  are,  after  washing  with  water, 
treated  with  cold  alcohol  which  leaves  a  part  undissolved,  and 
on  evaporation  gives  a  residue  consisting  for  the  most  part  of 
rubiretine.     By  treating  this  residue  again  with  cold  alcohol,  an 
additional  quantity  of  substance  is    left    undissolved,  and   the 
rubiretine  is  now  obtained  in  a  state  of   greater  purity.      Its 
appearance  and  properties  are  the  same  as  when  obtained  by  the 
action  of  acids  or  alkalies  on  rubian.     The  substance  left  undis- 
solved by  the  cold  alcohol  is  added  to  the  orange-coloured  flocks 
proceeding  from  the  decomposition  of  the  alumina  precipitate, 
and  the  mixture  is  dissolved  in  boiling  alcohol.     To  the  alcoholic 
solution  is  added  acetate  of  copper,  which  gives  a  dirty  purple 
precipitate,  consisting  of  verantine,  rubiafine  and  a  portion  of 
the  alizarine  in  combination   with   oxide  of  copper,  while  the 
liquid,  which  has  a  fine  purple  colour,  contains  the  greatest  part 
of  the  alizarine.     The  latter  is  obtained  from  this  liquid  by  pre- 
cipitating with  muriatic  acid  and  water,  and  purified  by  crystal- 
lization.    The  precipitate  produced  by  acetate  of  copper  is  de- 
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composed  with  muriatic  acid,  which  leaves  undissolved  a  quantity 
of  red  flocks.  These,  after  filtration  and  washing  with  water, 
are  dissolved  in  boilmg  alcohol.  Into  the  boiling  solution  is 
introduced  a  quantity  of  hydrated  protoxide  of  tin,  which  thereby 
acquires  a  light  brown  colour,  while  the  liquid  becomes  light 
yellow,  and  on  being  filtered  boiling  hot  and  allowed  to  cool, 
deposits  the  rubiafine  in  yellow  shining  plates  and  needles,  which 
are  purified  by  recrystallization  from  alcohol.  The  oxide  of  tin- 
lake  left  on  the  filter  is  treated  with  cold  muriatic  acid,  which 
dissolves  the  greatest  part  of  the  oxide  of  tin,  and  leaves  undis- 
solved a  dark  reddish-brown  powder.  This  is  placed  on  a  filter, 
washed  first  with  muriatic  acid,  then  with  water,  and  then  treated 
with  boiling  alcohol.  The  alcohol  leaves  a  great  part  of  it  un- 
dissolved, and  on  being  filtered  boiling  hot  deposits  on  cooling 
a  brown  powder  consisting  of  verantine.  The  liquid  on  evapora- 
tion gives  a  quantity  of  alizarine,  mixed  with  vei'antine.  The 
substance  left  undissolved  by  the  boiling  alcohol  is  dark  brown. 
It  is  a  compound  of  verantine  and  oxide  of  tin,  from  which  I 
have  not  been  able  to  extract  the  oxide  of  tin  by  acids  or  any 
other  means.  It  is  soluble  in  ammonia  and  carbonate  of  soda, 
and  is  pi-ecipitated  unchanged  by  acids. 

The  same  products  as  those  just  mentioned  may  be  obtained 
from  madder  by  extracting  it  with  cold  or  tepid  water,  allowing 
the  extract  to  stand  until  a  coagulum  has  beeen  formed  in  it, 
placing  the  coagulum  on  a  calico  strainer  and  then  treating  it 
with  boiling  alcohol.  The  alcohol  leaves  undissolved  a  quantity 
of  ferment,  and  is  found  to  contain  the  same  substances  as  those 
originating  from  the  direct  action  of  the  ferment  on  rubian. 

The  liquid  filtered  from  the  gelatinous  mixture  of  substances 
insoluble  in  water,  formed  by  the  action  of  the  ferment,  still 
contains  in  solution  a  considerable  quantity  of  sugar.  On  adding 
to  it  a  small  quantity  of  caustic  baryta,  a  pinkish-white  precipi- 
tate falls,  consisting  probably  of  pectic  acid  in  combination  with 
baryta.  The  liquid  being  filtered,  the  baryta  is  precipitated 
with  sulphuric  acid,  the  excess  of  the  latter  is  removed  with 
carbonate  of  lead,  and  a  small  quantity  of  lead  which  dissolves 
is  thrown  down  with  sulphuretted  hydrogen.  The  liquid  now 
leaves,  on  evaporation  at  the  ordinary  temperature  over  sulphuric 
acid,  a  brownish-yellow  syrup,  having  the  same  appearance  and 
properties  as  the  sugar  produced  by  the  action  of  acids  on 
rubian. 

The  following  analyses  prove  the  identity  of  the  alizarine 
formed  by  the  fermentation  of  rubian  with  that  derived  from 
other  sources  : — 

I.  0"5210  grm.  alizarine,  produced  by  the  action  of  the 
ferment  on  rubian,  lost,  on  being  heated  in  the  water-bath, 
.0-0920  water= 17-65  per  cent. 
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0"2500  grm.  of  the  dry  substance  gave  0*6380  carbonic  acid 
and  00960  water. 

II.  0-4220  grm.,  obtained  by  allowing  an  extract  of  madder 
with  tepid  water  to  ferment,  lost,  on  being  heated,  0"07oO  water 
=  17*77  per  cent. 

0*3225  grm.  of  the  diy  substance  gave  0*8230  carbonic  acid 
and  0*  1 1 70  water. 

These  numbers  correspond  in  100  parts  to — 

I.  II. 

Carbon  ....     69*59  69*59 

Hydrogen    .     .     .       4*26  4*03 

Oxygen  ....     26*15  26*38 

The  quantity  of  rubiretine  and  verantine  formed  by  the  fer- 
mentation of  rubian  does  not  seem  to  be  so  large  as  it  is,  when 
acids  or  alkalies  are  employed  for  its  decomposition,  and  as  the 
process  of  separating  and  purifpng  the  products  of  fermenta- 
tion is,  on  account  of  the  number  of  products  formed,  rather 
more  complicated,  the  quantity  of  each  substance  obtained  in  a 
pure  state  is  but  small.  The  following  analyses  of  these  two 
substances  were  made  with  specimens  obtained  by  the  fermenta- 
tion of  an  extract  of  madder ;  and  even  by  preparing  them  in 
this  manner  I  had  some  difficulty  in  procuring  a  sufficient 
quantity  for  examination,  because  the  rubiretine  formed  by 
fermentation  is  always  found  mixed  with  rubiadipine,  from 
which  it  is  with  difficulty  freed ;  and  the  verantine  is  for  the 
most  part  obtained  in  combination  with  oxide  of  tin,  from  w'hich 
I  have  found  it  impossible  to  separate  it. 

0*3445  grm.  rubiretine  gave  0*8580  carbonic  acid  and  01695 
water. 

This  gives  in  100  parts — 

Carbon 67*92 

Hydrogen 5*46 

Oxygen 26*62 

0*3705  grm.  verantine  gave  0*9010  carbonic  acid  and  01420 
water. 

In  100  parts- 
Carbon    66*32 

Hydrogen 4*25 

Oxygen 29*43 

The  great  excess  of  carbon  in  this  analysis  indicates  an  ad- 
mixture of  alizarine.  This  proceeds  from  the  circumstance  that 
the  method  of  sepai-ating  verantine  and  alizarine,  by  means  of 
acetate  of  co])per,  is  not  absolute.  When  these  two  substances 
are  present  together  in  solution,  acetate  of  copper  precipitates  a 
portion  of  the  alizarine  together  with  the  verantine,  and  the  latter 
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can  afterwards  only  be  purified  by  repeated  solution  in  boiling 
alcoliolj  and  deposition  from  the  boiling  solution. 

The  compound  of  verantine  and  oxide  of  tin^  obtained  in  the 
pi'ocess  employed  for  pui-ifying  the  rubiafine,  cannot,  as  I  men- 
tioned before,  be  separated  into  its  constituents.  It  dissolves 
in  ammonia  and  carbonate  of  soda  with  a  dark-brown  colour, 
and  is  reprecipitatcd  unchanged  by  acids.  Even  if  it  be  dissolved 
in  caustic  soda,  and  an  excess  of  sulphuretted  hydrogen  be  passed 
through  the  solution,  the  precipitate  afterwards  produced  by 
acids  yields  nothing  to  boiling  alcohol,  which  proves  that  the 
verantine  has  not  thereby  been  set  at  liberty.  By  treating  it 
with  boiling  alcohol  until  all  the  matter  soluble  in  alcohol  is 
removed,  then  dissolving  it  in  carbonate  of  soda,  filtering  from 
a  small  quantity  of  oxide  of  tin,  then  reprecipitating  with  acid, 
it  is  obtained  in  dark  brown  flocks,  which  when  dry  cohere  into 
black,  brittle,  shining  masses.  Its  analysis  now  gave  the  fol- 
lowing results : — 

I.  0-5930  grm.,  dried  at  100°  C,  gave  0-6500  carbonic  acid 
and  0-1800  water. 

0-3410  grm.,  heated  in  a  crucible  until  all  the  organic  matter 
was  destroyed,  gave  0-1580  grm.  peroxide  of  tin,  equivalent  to 
0-1411  protoxide  of  tin. 

II.  0-8390  grm.  gave  0-9240  carbonic  acid  and  0-2455  water. 
It  contains  therefore  in  100  parts — 

I.  II. 

Carbon  ....     29-89  30-03 

Hydrogen    .     .     .       3-37  3-25 

Oxygen  ....     25-36 
Protoxide  of  tin     .     41-38 

The  formula C^H3603«-F7SnO  =  4C>4H^O^  +  7SnO  +  16HO 
requires  in  100  parts — 

Carbon 29-76 

Hydrogen 3-18 

Oxygen 25-52 

Protoxide  of  tin      .     .     .  41-54 

The  sugar  obtained  by  the  fermentation  of  rubian  does  not 
differ  in  its  properties,  as  I  mentioned  before,  from  that  derived 
from  the  action  of  acids  on  rubian.  In  composition  too  it  does 
not  materially  differ  from  the  latter.  I  succeeded,  however,  by 
exposing  it  for  a  considerable  length  of  time  to  a  temperature  of 
100°  C,  in  depriving  it  of  two  atoms  more  of  water,  as  will  be 
seen  by  the  following  analysis  : — 

0-5540  grm.  gave  0-8745  carbonic  acid  and  0-3055  water. 

These  numbers  correspond  with  the  formula  C'^H'^0'°,  as 
will  be  seen  by  the  following  calculation  : — 
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Eqs.  Calculated.  Found. 

Carbon.     .     .     12  72  44-44  43-84 

Hydrogen  .     .     10  10  6-17  6-23 

Oxygen.     .     .     10  80  49-39  49-93 

162  100-00  10000 

On  subjecting  it,  however,  for  some  time  longer  to  the  same 
temperature,  it  became  very  brown,  and  its  analysis  now  showed 
that  it  had  absorbed  oxygen. 

0*5820  grm.  now  gave  08745  carbonic  acid  and  0*3000  water. 

In  100  parts  it  contained  therefore — 

Carbon 40-97 

Hydrogen 5-72 

Oxygen 53-31 

On  redissolving  the  remainder  in  water,  it  gave  a  brown  solu- 
tion, but  on  adding  to  the  solution  hydrated  oxide  of  lead,  the 
brown  portion  was  removed,  while  the  solution  became  almost 
colourless,  and  on  evaporation  over  sulphuric  acid  left  a  yellow 
syrup,  the  composition  of  which  again  corresponded  with  the 
formula  C^^  H^'^  0''^,  as  will  be  seen  by  the  following  analysis  : — 

03710  grm.  gave  0-5535  carbonic  acid  and  02135  water. 

In  100  parts  : — 

Carbon 40*68 

Hydrogen 6-39 

Oxygen 52-93 

Rubiafine. — In  my  former  papers  on  madder  I  have  described 
a  substance  which  I  called  rubiacine,  and  which  I  prepared  partly 
from  madder  itself,  and  partly  by  the  reduction  of  rubiacic  acid 
with  sulphuretted  hydrogen.  Now  rubiafine  cannot  be  distin- 
guished by  any  of  its  properties  from  rubiacine.  It  crystalhzes 
from  its  alcoholic  solution  in  yellow  glittering  plates  and  needles, 
which  are  sometimes  arranged  in  star-shaped  or  fan-shaped 
masses.  By  carefully  heating  it,  it  may  be  volatilized  without 
leaving  much  residue,  forming  a  yellow  sublimate  of  small 
shining  needles.  It  is  but  slightly  soluble  in  boiling  water. 
It  is  not  decomposed  by  boiling  nitric  acid  or  by  concentrated 
sulphuric  acid,  but  merely  dissolved  by  them.  It  dissolves  in 
caustic  alkalies  with  a  reddish-purple,  and  in  carbonated  alkalies 
with  a  red  colour.  Its  alcoholic  solution  gives  with  sugar  of  lead 
a  fine  crimson  precipitate,  with  acetate  of  copper  an  orange- 
coloured  precipitate.  It  dissolves  in  a  solution  of  pernitrate  of 
iron  with  a  dark  brownish-purple  colour.  The  solution,  after 
being  boiled  for  some  time,  gives,  on  the  addition  of  muriatic 
acid,  a  yellow  precipitate,  which  is  rubiacic  acid.  These  proper- 
ties, it  will  be  seen,  belong  also  to  rubiacine.     Nevertheless  the 
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composition  of  riibiafine  is  different,  and  as  I  have  succeeded  in 
again  preparing  a  substance  of  the  same  composition  as  the  rubia- 
cine  formerly  obtained,  they  must  be  considered  as  distinct  bodies. 

I  am  unable  to  give  more  than  one  analysis  of  rubiafine,  which 
yielded  the  following  numbers  : — 

0'1765  grm.,  dried  at  100°  C,  gave  0*4485  carbonic  acid  and 
0'0725  water. 

The  relation  in  which  rubiafine  stands  to  rubiacic  acid  proves 
that  the  former  contains  32  atoms  of  carbon.  Its  composition 
must  then  be  as  follows  : — 


Eqs. 

Calculated. 

Found. 

Carbon .     . 

.     32 

192 

69-31 

69-30 

Hydrogen  . 

.     13 

13 

4-69 

4-56 

Oxygen 

.       9 

72 

2600 

26-14 

277  100-00  100-00 

If  this  be  the  time  composition  of  rubiafine,  then  the  latter 
stands  in  the  same  relation  to  rubian  as  rubianine  and  rubiadine, 
from  which,  if  the  latter  also  contain  32  atoms  of  carbon,  it  only 
difiers  by  the  elements  of  water.  If  to  rubian  be  added  3  equivs. 
of  water,  there  are  given  the  elements  of  1  equiv.  of  rubiafine, 
and  2  equivs.  of  sugar,  for 

2  eqs.  of  Sugar       =C'^m''^0^^  \  _  rC^6H3403o^ieq.  of  Rubian. 
leq.  of  Rubiafine  ^^Q^^^^O  V  ~  L      H  ^0  3  =  3eqs.  of  Water. 

C56H37033  C^6JJ37033 

Rubiacine  and  Rubiacic  Acid. — In  my  former  papers  on 
madder,  I  have  given  for  rubiacic  acid  the  formula  C^'  H^  0^^, 
and  for  rubiacine  C^^  H^  0^*^.  In  order  to  ascertain  the  correct 
formula,  and  also  to  determine  the  relation  in  which  they  stand 
to  rubian  and  rubiafine,  of  which  they  must  be  derivatives,  I 
prepared  and  submitted  to  analysis  a  fresh  quantity  of  these 
substances.  For  the  purpose  of  preparing  rubiacic  acid,  it  is 
not  necessary  to  take  madder  itself.  If  any  dyework  is  at  hand 
in  which  madder-dyeing  is  carried  on,  the  liquor  in  which  the 
goods  have  been  immersed,  together  with  the  maddei",  and  which 
is  generally  allowed  to  run  to  waste,  may  be  employed.  This  liquid 
contains  a  considerable  quantity  of  some  substance,  which  by  the 
action  of  pernitrate  of  iron  may  be  converted  into  rubiacic  acid. 
The  mode  of  operation  is  as  follows.  To  the  liquid,  which  is 
brown  and  muddy,  there  is  added,  after  the  separation  of  the 
woody  particles  of  the  madder,  a  quantity  of  muriatic  acid,  which 
gives  a  brown  flocculent  precipitate,  while  the  liquid  becomes 
clear  and  colourless.  This  precipitate,  after  being  collected  on 
a  calico  strainer,  is  treated  with  pernitrate  of  iron  until  nothing- 
more  is  dissolved.     The  resulting-  dark  reddish-brown  liquid  is 
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strained  through  calico,  and  acid  is  added  to  it,  which  produces 
a  yellow  precipitate.  This  is  filtered,  washed  and  dissolved  in 
boiling  carbonate  of  potash.  The  solution  on  cooling  deposits 
crystals  of  rubiacate  of  potash,  which  are  placed  on  a  filter  and 
washed  with  cold  water.  From  a  solution  of  the  potash  salt,  the 
acid  may  be  precipitated  by  muriatic  or  any  other  strong  acid. 
Some  rubiacic  acid  prepared  in  this  manner  was  analysed  with 
the  following  result : — 

I.  0-3160  grm.  gave  0*7090  carbonic  acid  and  0*1010  water. 
In  100  parts  it  contained,  therefore, — 

Carbon 61-19 

Hydrogen 3-55 

Oxygen 35-26 

In  ray  former  experiments  I  obtained  as  a  mean  of  three 
determinations  the  following  numbers  : — 

Carbon 57-28 

Hydrogen 2*47 

Oxygen 40-25 

I  was  at  first  unable  to  explain  the  great  discrepancy  here 
seen,  as  the  new  preparation  both  of  the  acid  and  the  potash  salt 
had  the  same  appearance  as  usual.  Before  proceeding  to  explain 
how  this  discrepancy  arose,  I  may  state  that  the  analysis  just 
given  corresponds  with  the  formula  C^'*  H^°  O'^'',  which  requires 
in  100  parts — 

Carbon 61-93 

Hydrogen 3-22 

Oxygen 34-85 

With  tlie  same  specimen  of  potash  salt  as  that  employed  for 
the  preparation  of  the  acid,  I  made  a  quantity  of  silver  salt  by 
dissolving  the  potash  salt  ni  water,  and  adding  nitrate  of  silver. 
A  bi-illiant  cinnabar-red  precipitate  fell,  which  was  filtered, 
washed  and  dried.  It  was  not  decomposed  either  by  light  or 
by  the  heat  of  boiling  water. 

05800  grm.  of  this  salt,  dried  in  the  water-bath,  gave  0-9800 
carbonic  acid  and  0-1150  water. 

0-3310  grm.,  treated  in  a  crucible  with  muriatic  acid,  and 
heated  until  all  the  organic  matter  was  destroyed,  gave  0-1120 
chloride  of  silver. 

These  numbers  lead  to  the  following  composition : — 

Eqs.  Calculated.  Found. 

Carbon.     .     .     64  384  4604  46-08 

Hydrogen  .     .     18  18  215  220 

Oxygen      .     .     25  200  24-00  24-37 

Oxide  of  silver       2  232  27-81  27-35 

834  10000  10000 

2  F2 
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I  now  took  a  fresh  quantity  of  waste  dye  liquor,  and  di\ided 
it  into  two  parts.  To  the  first  part  I  added  acid.  The  precipi- 
tate produced  by  the  acid  was  treated  with  boiling  alcohol,  which 
dissolved  a  small  part  with  a  deep  yellow  colour,  and  after  being- 
filtered  boiling  hot  and  allowed  to  cool,  deposited  a  quantity  of 
orange-coloured  powder.  This  powder  I  dissolved  again  in 
boiling  alcohol,  and  to  the  boiling  solution  I  added  hydrated 
protoxide  of  tin,  and  filtered  boiling  hot.  The  liquid,  which 
had  become  light  yellow,  deposited  on  cooling  a  quantity  of  light 
yellow  needles.  These  needles  had  the  appearance  and  proper- 
ties of  rubiafine.  Their  composition,  however,  proved  them  to 
be  a  distinct  substance. 

0"1515  grm.  gave  0*3730  carbonic  acid  and  0*0540  water. 

In  100  parts,  therefore,  it  consisted  of — 

Carbon 67*14 

Hydrogen 3*96 

Oxygen 28*90 

To  the  other  part  of  the  liquor  I  also  added  acid,  and  the 
precipitate,  after  straining  the  liquor  through  calico,  and  washing 
with  water,  I  treated  with  a  boiling  solution  of  pernitrate  of  iron, 
which  dissolved  a  portion  with  a  dark  purplish-brown  colour. 
Muriatic  acid  produced  in  the  filtered  liquid  a  yellow  precipitate, 
which  after  filtering  and  washing  with  water,  I  treated  with 
boiling  alcohol.  The  alcohol  being  filtered  boiling  hot,  deposited 
on  cooling  a  yellow  powder,  which  on  being  redissolved  in  fresh 
boiling  alcohol,  yielded  a  quantity  of  yellow  shining  plates  and 
needles.  These  corresponded  in  all  their  properties  with  rubia- 
fine and  rubiacine.  By  treatment  with  pernitrate  of  iron  they 
were  convertible  into  rubiacic  acid. 

0*2355  grm.  gave  0*5790  carbonic  acid  and  0*0860  water. 

In  100  parts  it  contained,  therefore, — 

Carbon 67*05 

Hydrogen 4*05 

Oxygen 28*90 

This  analysis  proves  that  the  substance  contained  in  the 
liquor  existed  in  the  same  state  befoi'e  and  after  the  treatment 
with  pernitrate  of  iron,  and  that  the  latter,  in  the  first  instance 
at  least,  merely  dissolved  without  changing  it.  A  comparison 
of  the  composition  of  this  substance  with  that  of  the  body  which 
I  formerly  called  rubiacine,  proves  that  they  are  identical.  A 
specimen  of  rubiacine  obtained  on  a  former  occasion  from  rubia- 
cate  of  potash  by  means  of  sulphui'etted  hycbogen,  I  found  to 
contain  in  100  parts — 

Carbon 67*01 

Hydrogen 3*28 

Oxygen 29-71 
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The  most  piobable  formula  for  this  substance  is  C^^H"  0'°, 
which  requires  in  100  parts — 

Carbon 67-84 

Hydrogen 3*88 

Oxygen 28-28 

The  remainder  of  the  substance  I  dissolved  in  boiling  alcohol, 
and  added  acetate  of  lead.  This  gave  a  dark  red  precipitate, 
which  after  filtering,  washing  with  alcohol,  and  drying,  was 
found  to  have  the  following  composition  : — • 

0*5470  grm.,  dried  at  100'  C,  gave  06630  carbonic  acid  and 
00890  water. 

0-4060  grm.  gave  0-2800  sulphate  of  lead,  containing  0-20602 
oxide  of  lead. 

These  numbers  correspond  with  the  formula  3O''^H'*0"' 
+  8PbO,  as  the  following  calculation  shows  : — 

Eqs.  Calculated.  Found. 

Carbon       .     .     96  576  3305  33-05 

Hydrogen  .     .     33             33  189  180 

Oxygen       .     .     30  240  13-78  14-41 

Oxide  of  lead.       8  893-6  51-28  50-74 

1742-6        100-00  100-00 

The  precipitate  produced  by  muriatic  acid  in  the  nitrate  of 
iron  solution,  was  not  entirely  soluble  in  boiling  alcohol.  That 
part  left  undissolved  by  the  latter  I  dissolved  again  in  nitrate  of 
iron ;  I  kept  the  solution  boiling  for  some  time,  and  then  pre- 
cipitated again  with  muriatic  acid.  The  precipitate,  after  filter- 
ing and  washing,  I  treated  with  a  boiling  solution  of  carbonate 
of  potash,  in  which  it  dissolved.  On  cooling,  a  considerable 
quantity  of  rubiacate  of  potash  crystallized  out  with  its  usual 
appearance.  Some  of  this  salt  was  decomposed  with  nitric  acid, 
and  the  rubiacic  acid  so  obtained  was  analysed. 

II.  05250  grm.  gave  1-1595  carbonic  acid  and  0*1465  water. 
In  100  parts- 
Carbon    60-23 

Hydrogen 3-10 

Oxygen 3667 

These  niunbers  do  not  differ  very  widely  from  those  found  in 
the  first  analysis.  On  recrystallizing,  however,  the  remainder 
of  the  salt  from  water,  and  analysing  some  acid  obtained  from  the 
recrystallized  salt,  1  obtained  the  following  numbers  : — 

III.  0-4300  grm.  gave  0-9135  carbonic  acid  and  01 100  water. 
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lu  100  parts- 
Carbon    57'93 

Hydrogen 2-84 

Oxygen 39-23 

With  another  portion  of  the  reciystallized  potash  salt  I  pre- 
pared some  silver  salt,  as  before.  0*6260  grm.  of  the  silver  salt 
gave  1*0340  carbonic  acid  and  0*1070  water,  corresponding  in 
100  parts  to — 

Carbon 45*04 

Hydrogen 1*89 

The  mother-liquor  of  the  salt  from  which  No.  III.  was  made 
I  precipitated  with  mui-iatic  acid.  Part  of  the  precipitate  I  dis- 
solved again  in  carbonate  of  potash,  and  the  acid  from  the  cry- 
stallized potash  salt  showed  the  following  composition  : — 

IV.  0*4010  grm.  gave  0*8690  carbonic  acid  and  0*1160  water. 
In  100  parts — 

Carbon 59*10 

Hydi-ogen 3*21 

Oxygen 37*69 

The  remainder  of  the  precipitate  I  now  dissolved  again  in  per- 
nitrate  of  iron,  and  after  keeping  the  solution  boiling  for  several 
hours  I  precipitated  again  with  muriatic  acid,  tiltered,  washed, 
dissolved  the  precipitate  in  carbonate  of  potash,  filtered  and  pre- 
cipitated again  with  muriatic  acid.  The  precipitated  rubiacic 
acid  now  gave  on  analysis  the  following  results  : — 

\.  0*3925  grm.  gave  0*8240  carbonic  acid  and  0*1030  water. 

These  numbers  correspond  with  the  formula  C^'^  H^  0'^,  as 
will  be  seen  by  the  following  calculation  : — 

Eqs.  Calculated.  Found. 

Carbon       .     .     32           192  56*97  57*25 

Hvdrogen  .     .       9               9  2*67  2*91 

Oxygen      .     .     17           136  40-36  39*84 

337^  100-00  100*00 

This  composition  differs,  as  will  be  seen,  vei-y  little  from  that 
found  in  my  former  experiments. 

Some  fresh  rubiacic  acid  made  in  the  same  manner  as  that  of 
the  last  analysis,  was  dissolved  in  carbonate  of  potash,  the  solu- 
tion was  evaporated  to  crystallization,  the  crystallized  potash  salt 
was  again  dissolved  in  boiling  water,  and  nitrate  of  silver  was 
added  to  the  solution.  The  precipitate  was  now  no  longer  red, 
but  of  a  dull  orange  colour. 

0*1700  grm.  of  this  precipitate  gave  0*2720  carbonic  acid  and 
0*0370  water  =  43*63  per  cent.  C  and  2*40  H;  the  formula 
C"^2H«  Qi^-f  AgO  reqmres  43*24  C  and  1*80  H. 
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If  the  formula  of  the  potash  salt  be  similar  to  that  of  the  silver 
salt,  viz.  C32H8  0>^  +  KO,  it  must  contain  in  100  parts- 
Carbon    51"17 

Hydrogen 2' 13 

Oxygen 3t-12 

Potash 12-58 

In  my  former  experiments  I  obtained  as  an  average  of  three 
determinations — 

Carbon 51-37 

Hydrogen 2-41 

Oxygen 33-18 

Potash 13-04 

It  appears  therefore  that  the  four  first  analyses  given  above 
were  made  with  im])ure  acid.     The  analysis  No.  I.  corresponded, 
as  I  have  shown,  with  the  formula  C^"*  H^*^  0'^^.    Now  if  from  this 
formula  be  deducted  that  of  the  pure  acid  C^^  H^  0^%  the  dif- 
ference will  be  C^^H'^0'*^,  which  is  the  formula  given  above 
for  rubiacine.     It  is  therefore  almost  certain  that  it  was  an  ad- 
mixture of  the  latter  substance  with  the  acid  which  raised  the 
amount   of  carbon    and   hydrogen  in  the  four  first  analyses. 
Whether  this  impure  acid  is  to  be    considered  as  a  chemical 
compound  of  acid  and  rubiacine,  or  whether  it  contains  them 
in  a  state  of  mechanical  mixture,  is  a  point  not  easily  determined. 
That  the  acid  of  the  analysis  No.  I.  contained  both  substances 
in  atomic  proportions  may  be  accidental ;   and  the  ease  with 
which  rubiacate  of  potash  made  from  the  impure  acid  yields,  by 
mere  recrystallization,  a  salt  containing  an  almost  pure  acid, 
tends  to  prove  that  the  two  substances  are  merely  mechanically 
mingled.     Nevertheless  it  is  difficult  to  detect  the  presence  of 
rubiacine  in  the  impure  acid,  which  behaves  towards  almost  all 
reagents  in  the  same  manner  as  the  pure  acid.     The  acid  of  the 
analysis  No.  IV.,  for  instance,  could  not  be  distinguished  from 
pure  acid  by  its  appearance.     When  treated  with  boiling  alcohol 
the  latter  acquired  a  yellow  colour,  but  on  being  filtered  boiling 
hot,  no  rubiacine  crystallized  out,  as  would  probably  have  been 
the  case  had  the  latter  only  been  mixed  with  the  acid.     Never- 
theless, on  heating  it  cautiously  between  two  watch-glasses,  a 
considerable  quantity  of  yellow  shining  crystals,  doubtless  of 
rubiacine,  were  formed  on  the  upper  glass,  while  the  rubiacic 
acid  of  analysis  No.  V.  gave,  on  being  heated  in  the  same  man- 
ner, only  a  trace  of  yellow  sublimate  and  an  abundant  carbona- 
ceous residue.     The  potash  salt  of  the  impure  acid  has  a  more 
granular  and  less  silky  appearance  than  the  salt  made  from  pure 
acid,  and  is  also  of  a  darker  red.     When  heated  it  docs  not  de- 
tonate so  strongly  as  the  pure  salt.     Its  solutions  give  the  same 
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reactions  as  the  pure  salt  with  all  reagents  except  nitrate  of  silver, 
which,  as  I  mentioned  above,  gives  with  the  pure  salt  an  orange- 
colouredj  with  the  impure  salt  a  bright  cinnabar-red  precipitate. 

In  order  to  ascertain  whether  rubiacic  acid  is  reconvertible  not 
only  into  rubiacine  but  also  into  rubiafine,  I  took  some  rubiacate 
of  potash  of  the  same  preparation  as  that  employed  for  the 
rubiacic  acid  No.  I.,  dissolved  it  in  boiling  water,  added  caustic 
soda,  and  passed  sulphuretted  hydrogen  through  the  solution  for 
several  hours ;  I  then  precipitated  with  chloride  of  barium, 
filtered,  washed  the  precipitate,  decomposed  it  with  muriatic 
acid,  and  crystallized  the  residue  twice  from  alcohol.  The  cry- 
stals had  the  appearance  of  rubiacine  or  rubiafine,  and  possessed 
considerable  lustre.  On  analysis  I  obtained  the  following  num- 
bers : — 

0-1685  grm.  gave  0*4340  carbonic  acid  and  0*0705  water. 

In  100  parts  it  contained  therefore — 

Carbon 70*24 

Hydrogen 4*64 

Oxygen 25*12 

Though  this  is  not  exactly  the  composition  of  rubiafine  as 
given  above,  still  it  proves  that  the  hydrogen  and  oxygen  are 
contained  in  it  in  the  same  proportion  as  in  that  substance ;  for 
if  the  formula  C^^H'^*  0^*,  which  differs  from  that  of  rubiafine 
by  containing  ^HO  less,  be  calculated  for  100  parts,  it  gives — 

Carbon 70*45 

Hydrogen 4*58 

Oxygen 24*97 

Though  I  have  not,  from  want  of  material,  been  able  to  trace 
the  steps  of  the  process  with  the  requisite  accuracy,  I  think  I  am 
justified  in  inferring  from  these  experiments,  that  by  the  oxidi- 
zing agency  of  persalts  of  iron  rubiafine  is  changed  first  into 
rubiacine  and  then  into  rubiacic  acid,  and  that  the  latter  is 
reconverted  by  the  action  of  reducing  agents,  such  as  sulphu- 
retted hydrogen,  first  into  rubiacine  and  then  into  rubiafine. 
The  presence  of  rubiacine,  however,  in  the  liquor  which  has  been 
used  for  dyeing  with  madder,  seems  to  prove  that  its  direct  for- 
mation from  rubian  is  possible. 

Rubic/ffine. — This  substance  belongs  to  the  same  group  of 
bodies  which  includes  rubianine,  rubiadine  and  rubiafine,  and 
bears  a  strong  resemblance  to  these  substances  in  properties  and 
composition.  It  scarcelj'  ever  appears  in  well-defined  crystals. 
When  its  alcoholic  solution  is  evaporated  spontaneously,  it  is 
obtained  in  the  shape  of  small  lemon-yellow  spherical  grains, 
which,  when  crushed  and  examined  under  a  lens,  are  found  to 
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consist  of  small  crystalline  needles  grouped  round  a  centre. 
Occasionally  it  has  an  orange  tinge,  but  this  is  probably  due  to 
some  impurity.  When  heated  on  platinum  foil^  it  melts  to  a 
brownish-red  liquid  and  then  burns  w-ith  flame,  leaving  a  large 
quantity  of  carbonaceous  residue  which  burns  away  with  diffi- 
culty. When  heated  in  a  tube,  it  gives  a  small  quantity  of 
crystalline  sublimate  mixed  with  oily  drops.  When  slowly 
heated  between  two  watch-glasses,  it  melts  to  a  brownish-red 
mass,  but  gives  no  sublimate.  It  is  quite  insoluble  in  boiling 
water,  to  which  it  hardly  communicates  a  tinge  of  colour-.  It 
is  more  easily  soluble  in  boiling  alcohol  than  rubianine  or  even 
rubiadine,  and  does  not  crystallize  out  on  the  solution  cooling, 
but  is  left,  on  evaporation  of  the  alcohol,  in  crystalline  masses 
as  just  described.  It  is  soluble  in  concentrated  sulphuric  acid 
with  a  dark  r^^ddish-brown  colour  ;  the  solution,  on  being  heated, 
disengages  sulphurous  acid  and  becomes  black.  Boiling  nitric 
acid  dissolves  it  with  a  disengagement  of  nitrous  acid  to  a  yellow 
liquid,  while  some  oily  drops  rise  to  the  surface.  On  the  solu- 
tion cooling,  a  quantity  of  light  yellow  ciystals,  possessed  of 
much  lustre,  are  deposited.  Whether  these  crystals  are  a 
product  of  decomposition,  or  whether  they  are  the  substance 
itself  in  a  state  of  purity,  the  impurities  having  been  destroyed 
by  the  nitric  acid,  I  am  unable  to  state.  The  latter  is  the  more 
probable  view,  llubiagine  is  soluble  in  boiling  acetic  acid  with 
a  yellow  colour,  and  crystallizes  out  again,  on  the  solution  cooling, 
in  small  needles.  Ammonia  turns  it  red,  and  on  boiling  dis- 
solves it  with  some  diitieulty,  forming  a  blood-red  solution,  which 
on  evaporation  loses  its  ammonia  and  leaves  the  substance  behind 
in  the  shape  of  small  yellow  crystals.  It  dissolves  more  easily 
in  caustic  soda,  with  the  same  colour.  It  is  precipitated  from 
its  alkaline  solution  by  acids  in  lemon- yellow  flocks.  The  amnio- 
niacal  solution  gives  very  slight  precipitates  with  the  chlorides 
of  barium  and  calcium,  the  solution  remaining  red  with  chloride 
of  barium,  and  becoming  crimson  with  chloride  of  calcium.  It 
is  soluble  in  baryta  and  lime-water  with  a  blood- red  colour,  and 
is  reprecipitated  by  a  current  of  carbonic  acid.  The  alcoholic 
solution  gives,  on  the  addition  of  acetate  of  lead,  at  first  no  pre- 
cipitate, but  the  colour  of  the  solution  becomes  dark  yellow,  and 
after  some  time,  provided  the  solution  be  not  too  dilute,  an 
orange-coloured  granular  precipitate  falls,  which  is  the  lead  com- 
pound of  rubiaginc.  If  no  deposit  is  formed,  then  the  addition 
of  water  causes  an  orange-coloured  flocculent  preeijiitate,  which, 
after  being  separated  by  filtration  and  washed  with  water  in 
order  to  remove  the  acetate  of  lead,  is  found  to  be  verv  little 
soluble  in  boiling  alcohol,  but  is  easily  soluble  in  a  boiling  alco- 
holic solution  of  acetate  of  lead  with  a  dark  yellow  or  orange 
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colour.  Acetate  of  copper  changes  the  colour  of  the  alcoholic 
solution  from  light  yellow  to  brownish-yellow,  and  after  some 
time  an  orange-coloured  precipitate  is  formed.  When  rubiagine 
is  treated  with  a  boiling  solution  of  perchloride  of  iron,  the  solu- 
tion acquires  a  darker  colour,  but  does  not  assume  the  deep 
brownish-purple  characteristic  of  solutions  of  rubiafine  and 
rubiacine  in  that  menstruum.  The  liquid  being  filtered  boiling 
hot,  deposits  on  cooling  a  quantity  of  yellow  shining  scales,  but 
the  addition  of  muriatic  acid  produces  no  further  precipitate. 
These  scales  dissolve  easily  in  boiling  alcohol,  and  the  solution 
on  cooling  and  standing  deposits  a  number  of  small  yellow  grains 
and  nodules  consisting  of  crystalline  needles,  which  are  appa- 
rently nothing  but  rubiagine  itself,  for  they  are  not  capable  of 
sublimation,  and  their  alcoholic  solution  is  not  precipitated  by 
acetate  of  lead.  The  greatest  part  of  the  rubiagine  is  left  un- 
dissolved by  the  perchloride  of  iron  in  the  shape  of  a  yellowish- 
brown  powder,  which  does  not  dissolve  on  treating  it  with 
an  additional  quantity  of  the  iron  salt.  Boiling  muriatic  acid 
changes  the  colour  of  this  powder  to  yellow,  and  it  has  then  all 
the  properties  of  rubiagine.  Rubiagine  is  therefore  not  changed 
into  rubiacic  acid  by  the  action  of  persalts  of  iron.  Notwith- 
standing the  great  resemblance  which  rubiagine  bears  to  the 
other  bodies  belonging  to  the  same  series,  its  reactions  prove  it 
to  be  a  distinct  substance.  It  is  distinguished  from  rubianine, 
by  its  insolubility  in  water ;  from  rubiadine,  for  which  it  might 
most  easily  be  mistaken,  by  its  being  incapable  of  sublimation ; 
and  from  rubiafine,  by  its  not  being  convertible  into  rubiacic  acid. 
Its  behaviour  towards  acetate  of  lead,  which  is  different  from  that 
of  all  the  other  three  substances,  also  serves  to  characterize  it. 
The  analysis  of  rubiagine  gave  the  following  results  : — 
0-3800  grm.,  prepared  directly  from  madder,  gave  0'9490 
carbonic  acid  and  0-1760  water. 

In  100  parts  it  contained  therefore — 

Carbon 68-10 

Hydrogen 5-14 

Oxygen 26-76 

There  are  two  formulse  with  which  this  analysis  corresponds, 
and  both  of  which  explain  the  formation  of  the  substance  equally 
well,  viz.  C32  H'4  O'o  and  C^  H^^  O^'^  These  formulse  require 
respectively  in  100  parts — 

C32  H"  O'".  C"  H'7  0'3. 

Carbon     ....     67-13  68-57 

Hydrogen      .     .     .       4-89  4-41 

Oxygen    ....     27-98  2702 
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I  am  unfailing  to  draw  any  inference  fi-om  the  greater  or  less 
correspondence  of  either  of  these  calculations  with  the  experi- 
mental result,  because  I  am  not  convinced  of  the  absolute  purity 
of  the  specimen  employed  for  analysis. 

The  lead  compound  of  rubiagine  was  prepared  by  adding  a 
small  quantity  of  an  alcoholic  solution  of  sugar  of  lead  to  a  con- 
centrated alcoholic  solution  of  the  substance,  taking  care  not  to 
employ  an  excess  of  the  precipitant.  The  orange-coloured  pre- 
cipitate was  collected  on  a  filter,  washed  with  alcohol,  di'ied  and 
submitted  to  analysis. 

0'4610  gnn.,  dried  in  the  water-bath,  gave  0'5290  carbonic 
acid  and  O'lllO  water. 

0-2010  grni.  gave  0-1460  sulphate  of  lead,  containing  0-10742 
oxide  of  lead. 

In  100  parts  it  contained  therefore — 

Carbon 31-29 

Hydrogen 2-67 

Oxvgen 12-60 

Oxide  of  lead     ....     53-44 
These  numbers  do  not  decide  between  the  two  formuljE,  since 
they    correspond   equally   well    with    C^"^  H'*  0'°4-3PbO    and 
C*^  H'"0'^-f  4PbO,  as  the  following  calculation  shows: — 
Eqs.  Eqs. 

Carbon  .     .  32  192  30-91  44  264  31-73 

Hydrogen   .  14  14  2*25  17  17  204 

Oxygen  .     .  10  80  12-89  13  104  1253 

Oxide  of  lead  3  335-1  _53;95  4  446-8  53-70 

621-1    10000  831-8    10000 

If  C'"^"^  II''*0'°  be  the  true  formula  of  rubiagine,  then  it  is 

formed  by  rubian  taking  up  4  equivs.  of  water  and  splitting  up 

into  1  equiv.  of  rubiagine  and  2  equivs.  of  sugar,  as  seen  by  the 

following  equation  : — 

2eqs.of  Sugar       ^C^^H^-iO^n  _  j'C^H*»03o=leq.  of  Rubian. 
leq.ofRubiagine  =  C32Hi4oioJ  -  ^       h  ^^O  *=4eqs.  of  Water, 

C^IP^O^  C^'H^^O** 

If,  on  the  other  hand,  C*^H^"0'^  be  the  correct  formula,  then 
1  equiv.  of  rubian  loses  5  equivs.  of  water,  and  splits  up  into  1 
equiv.  of  rubiagine  and  1  equiv.  of  sugar,  for 

(344^17013  +  QU  H12012  4.  5H0  =C^H**03o. 

Rubiadipi/ie. — This  substance  is  a  characteristic  product  of  the 
fermentation  of  rubian.  I  have  never  subjected  rubian  to  the 
action  of  ferment,  under  ordinary  circumstances,  without  being 
able  to  detect  it  among  the  bodies  formed.  In  its  appearance 
and  general  properties  it  resembles  rubiretine.     It  diticrs  from 
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the  latter  in  always  remaining  soft  and  viscid,  and  never  becoming 
hard  and  brittle,  however  long  it  may  be  heated.  It  is  similar 
in  appearance  to  a  semiHuid  fat  tinged  with  colouring  matter. 
Its  colour  is  yellowish-brown.  When  heated  on  platinum  foil  it 
melts  to  a  brown  liquid  and  then  burns  with  a  bright  flame, 
leaving  a  carbonaceous  residue.  When  heated  in  a  tube  it  evolves 
acrid  fumes,  similar  to  those  produced  by  fat  when  exposed  to 
destructive  distillation.  It  is  not  much  affected  by  boiling  nitric 
acid,  but  concentrated  sulphuric  acid  chars  it  when  heated.  When 
thrown  into  boiling  water  rubiadipine  melts,  forming  oily  drops, 
which  rise  to  the  surface.  It  is  soluble  in  caustic  alkalies  with 
a  blood-red  colour,  but  the  solutions  do  not  froth  when  boiled 
like  solutions  of  soap.  The  ammoniacal  solution  gives  only  a 
slight  precipitate  with  chloride  of  barium.  On  adding  to  the 
alcoholic  solution  a  small  quantity  of  acetate  of  lead,  a  pale  red- 
dish-brown precipitate  is  formed,  which  is  the  lead  compound. 
This  precipitate  is  insoluble  in  boiling  alcohol,  but  dissolves 
entirely  when  an  excess  of  acetate  of  lead  is  added  to  the  boiling 
liquid,  forming  a  dark  brownish-red  solution.  From  this  solu- 
tion it  is  again  precipitated  by  water,  and  after  filtering  and 
washing  is  found  to  be  again  insoluble  in  boiling  alcohol.  In 
its  behaviour  to  sugar  of  lead  it  therefore  resembles  rubiagine. 
The  alcoholic  solution  gives  no  precipitate  on  the  addition  of 
acetate  of  copper.  The  substance  itself  cannot  be  obtained  in  a 
state  fit  for  analysis,  I  therefore  confined  myself  to  the  examina- 
tion of  the  lead  compound  formed  in  the  manner  just  described. 
The  quantity  of  the  substance  ol)tained  was,  nevertheless,  so 
small  that  I  had  only  sufficient  for  one  analysis  at  my  disposal. 

0-2020  grm.,  dried  at  100°  C,  gave  0-3770  carbonic  acid  and 
0-1260  water. 

0-1150  grm,  gave  0-0490  sulphate  of  lead,  containing  0-03605 
oxide  of  lead. 

These  numbers  lead  to  the  formula  C^o  H^-^O^-f  PbO,  as  the 
following  calculation  shows  : — 


Eqs. 

Calculated. 

Found. 

Carbon    . 

.     30 

180 

50-60 

50-89 

Hydrogen     . 

.     24 

24 

6-74 

6-93 

Oxygen   .     .     , 

.       5 

40 

11-26 

10-83 

Oxide  of  lead 

1 

111-7 

31-40 

31-35 

355-7  100-00  100-00 
If  this  formula  represents  the  true  composition  of  rubiadipine, 
I  confess  I  am  unable  to  explain  its  formation  from  rubian.  The 
great  excess  of  hydrogen  contained  in  it,  shows  that  some  sub- 
stance must  be  formed  simultaneously  containing  a  large  pro- 
portion of  oxygen,  but  which  has  hitherto  escaped  detection. 
[To  be  continued.] 
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LXVIII.  Mechanical  TheMry  of  Heat. — Specific  Heat  of  Air. 
By  W.  J.  Macquorn  Rankine,  C.E.,  F.R.S.E.  ^c  * 

THE  results  of  the  recent  experimental  researches  of  M.  Re- 
guault  on  the  specific  heat  of  air  at  constant  pressure 
{Comptes  Rendus,  April  18,  1853)  agree  so  closely  with  those  de- 
duced by  me  theoretically,  about  three  years  since,  from  the 
principle  of  the  convertibility  of  heat  with  mechanical  power, 
that  a  tabular  comparison  of  them  may  prove  interesting,  espe- 
cially as  they  have  an  important  bearing  on  the  theory  of  heat 
in  general.  The  annexed  table  contains  also  the  mean  result  of 
Mr.  Joule's  experiments,  as  given  in  the  Philosophical  Transac- 
tions for  1852,  page  74. 

The  theoretical  calculation  may  be  found  in  the  Transactions 
of  the  Royal  Society  of  Edinburgh,  vol.  xx.  p.  192.  The  ratio 
of  the  specific  heat  of  air  at  constant  pressure  to  that  at  constant 
volume,  as  determined  from  the  velocity  of  sound,  is  there  taken 
as  approximately  equal  to  1*4;  but  as  the  true  value  of  this  ratio 
probably  lies  between  1-4  and  1*41,  I  have  added  the  results  of  a 
computation  in  which  the  latter  value  is  used. 

The  following  are  the  numerical  data  and  formulae  employed  : — 
Height  of  the  modulus  of  elasticity  of  air  at  0^  Centigrade, 

A  =  26214  feet. 

Tempei'ature  of  melting  ice,  as  measured  in  Centigrade  degrees 
from  the  absolute  zero  of  a  perfect  gas-thermometer, 

To= 274-6. 

Mechanical  value  of  the  specific  heat  of  liquid  water  (Joule's 
equivalent), 

Kw  =  1389-6  feet  of  fall  per  Centigrade  degree. 

Ratio  of  the  specific  heat  of  air  at  constant  pressure,  to  that  at 
constant  volume, 

l  +  N  =  l-4  in  the  original  calculation, 

1-41  in  the  second  calculation, 

being  the  limits  between  which  the  true  value  is  probably  con- 
tained. 

Mechanical  values  of  the  specific  heat  of  air  : — 

at  constant  volume, 
at  constant  pressure, 

*  Coimiiuiiicntftl  bv  the  Author. 
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[These  formula  are  approximative  only ;   but  their  deviation 
from  accm-acy  is  inappreciably  small  in  practice.] 
The  followinir  table  shows  the  results  : — 


Authoritv.                        '       ^v              Kp                Kv              Kp 
In  feet  per  deg.  Ccntig.          K\v'          Kw 

Theon-    l  +  N  — 1-40     238-6 

334-0         0-1717       02404  1 

Theory!  1  +  N  =  l-41 232-8 

Mr.  Joule's  experiments    

M.  Re^nault's  experiments:  — 
between      30°  and  +   10°  C 

328-2         0-1675 

0-2361 
0-23 

0  2379 

I0°and      100°        

1 

0-2379 
0-2376 

0°and     225°         

'                  i                   1 

In  the  paper  already  referred  to,  I  have  shown  that  the  pro- 
bable range  of  error  in  the  theoretical  determination  of  the 
specific  heats  of  air  is  about  g\,-th  or  j-jth  of  their  amount ;  an 
uncertainty  which  originates  chiefly  in  the  determination  of  the 
velocity  of  sound.  The  agreement,  therefore,  of  the  theoretical 
with  the  experimental  results  in  the  foregoing  table  is  as  close 
as  the  uncertainty  of  the  data  will  permit. 

M.  Regnault's  experiments  also  prove  a  fact,  of  vital  import- 
ance both  in  the  theory  of  heat  and  in  the  laws  of  its  practical 
application  to  the  production  of  motive  power,  viz.  that  the 
specific  heat  of  air  does  not  sensibly  vary  between  —30^  and 
4-  225°  Centigrade ;  and  therefore  that  equal  numbers  of  degrees 
on  the  scale  of  the  air-thermometer  represent  equal  quantities  of 
heat.  This  fact,  which  had  already  been  rendered  probable  by 
the  experiments  of  ]\Iessrs.  Joule  and  Thomson  on  the  thermic 
phsenomena  of  air  rushing  through  small  apertures,  is  favourable 
to  the  adoption,  as  a  means  of  deducing  the  laws  of  heat  from 
mechanical  principles,  of  the  hypothesis  that  the  elasticity  of 
heat  is  due  to  the  centrifugal  force  of  molecular  vortices,  by 
deduction  from  which  hypothesis  the  fact  had  been  anticipated. 

Its  most  important  consequence,  as  regards  the  application  of 
heat  to  produce  motive  power,  is  the  follomng  formula  for  the 
maximum  proportion  of  the  total  heat  expended  which  can  be 
converted  into  mechanical  work  by  any  thermo-dynamic  machine, 
receinng  heat  at  the  maximum  temperature  Tj,  and  giving  it  out 
at  the  minimum  temperature  Tc^  a  formula  deduced  from  the 
hvpothesis  in  question  in  the  Transactions  of  the  Royal  Society 
of  Edinburgh,  vol.  xx.  pp.  207,  438. 

Let  Hj  be  the  mechanical  equivalent  of  the  total  heat  received 
by  the  machine  at  the  temperature  Tj  ; 

H2  that  of  the  heat  given  out  at  the  temperature  Tq  ; 

E  =  H,  — Hg  the  maximum  mechanical  effect  of  the  machine; 

K  the  temperature  con'esponding  to  absolute  privation  of  heat ; 
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then 

H]  Tj — k' 

It  follows  from  this,  that  that  which  is  called  by  Prof.  William 
Thomson  Carnot's  Function,  has  the  following  value :  — 

T—K 

From  the  specific  heat  of  steam  of  saturation,  as  determined 
by  M.  Regnault,  viz.  0*475,  it  is  to  be  anticipated,  as  various 
authors  have  inferred  from  other  circumstances,  that  the  relations 
between  its  pressure,  density,  and  temperature  for  high  pres- 
sures, will  be  found  to  deviate  widely  from  those  of  a  perfect  gas. 
But  it  would  be  premature  to  discuss  this  su])ject  further  until 
the  details  of  M.  Regnault's  experiments  are  published. 

Glasgow,  April  25,  1853. 

LXIX.  On  the  Iris  seen  in  Water.     By  J.  J.  Walker*. 

IN  those  parts  of  optical  and  meteorological  treatises  usually 
devoted  to  the  phsenomena  of  rainbows,  and  to  the  rational 
explanation  and  mathematical  demonstrations  of  their  theory,  a 
singidar  omission  occurs  j  an  omission  common  to  all  such  works 
from  NeAAi:on's  time  down  to  the  present  day,  as  far  as  the 
writer's  examination  of  them,  for  the  purpose  of  satisfying  him- 
self on  this  head,  has  led  him.  The  omission  alluded  to  is  the 
absence  of  all  mention  of  the  iris  seen  on  the  horizontal  surface 
of  an  extent  of  sufficiently  calm  water,  lying  between  the  spec- 
tator and  a  falling  shower  of  rain,  and  opposite  the  sun.  Under 
favourable  circumstances,  in  such  a  case,  an  inverted  arch  is  seen 
on  the  water,  which  is  popularly  called  a  "  reflexion  of  the  rain- 
bow,''  and  to  cursory  observation  bears  a  considerable  resem- 
blance to  what  such  a  "  reflexion  " — supposing  it  for  a  moment 
possible — would  be.  A  very  slight  acquaintance,  however,  with 
the  Cartesian  or  Newtonian  theory  of  the  rainbow  suggests  at 
once  the  correct  explanation  of  the  phsenomenon ;  that  //  is  a 
secondary  iris,  formed  hy  pencils  of  parallel  rays,  which,  emerginy 
from  rain-drops,  after  undergoing  one  reflexion  within  the  drops, 
are  reflected  a  second  time  at  the  horizontal  surface  of  the  water, 
and  so  reach  the  eye.  It  is  proposd  briefly  to  investigate  the 
true  figure  of  this  "primary  horizontal  iris,"  as  it  may  for  the 
sake  of  distinction  be  called,  and  its  position  on  the  surface  of 
the  water  with  reference  to  the  spectator's  eye. 

Let  p  be  the  angle  which  the  emergent  parallel  pencil  of  red 
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rays  from  any  drop  {d)  makes  with  the  line  drawn  in  the  direc- 
tion of  the  sun's  centre  {s)  ;  let  this  pencil,  after  undergoing 
reflexion  at  the  point  {(/)  at  which  it  meets  the  surface  of  the 
water  (which  may  be  supposed  to  coincide  with  a  tangent  plane 
to  the  surface  of  the  terrestrial  spheroid,  at  the  foot  of  a  ver- 
tical, ec,  let  fall  from  the  spectator's  eye,  e)  enter  the  spectator's 
eye  :  the  locus  of  (/  on  the  horizontal  plane  will  evidently  be  a 
line  of  red-tinted  spots,  forming  part  of  the  exterior  band  of  the 
horizontal  iris. 

Let  the  vertical  ec  be  produced  beneath  the  horizontal  plane 
to  e',  so  that  c^  =  ec;  then  dff,  if  produced,  will  intersect  the 
line  ece'  at  the  fixed  point  ^  :  supposing,  therefore,  a  line  se'f 
drawn  through  e'  in  the  direction  of  the  sun's  centre,  the  line  dff, 
as  it  varies  for  successive  drops,  w  ill  generate  a  right  cone  about 
^fas  axis,  of  which  e'  wull  be  the  vertex.  The  locus  of  ff  will 
therefore  be  the  hyperbola  in  which  this  cone  is  intersected 
by  the  horizontal  plane.  The  centre  and  axes  of  the  hyperbola 
may  perhaps  be  thus  most  easily  found  in  terms  of,  h  =  ec^ 
height  of  spectator's  eye  above  the  horizontal  ])lane,  p  the  devia- 
tion for  red  rays  as  above  described,  and  a  the  altitude  of  the 
sun's  centre.  Let  a  vertical  plane  through  the  sun's  centre  and 
through  the  eye  intersect  the  cone  in  the  side  e'AV,  and  the 
horizontal  plane  in  the  line  cA ;  A  wall  plainly  be  the  vertex  of 
the  hyperbola,  and  cA  its  transverse  axis ;  its  centre  (o)  in  this 
line  will  be  found  by  drawing  from  e'  in  the  vertical  plane  a  line 
e'o,  making  with  the  production  of  s^  an  angle  (/)  such  that 

tan  i .  tan  u-=tan^p. 

The  angle  between  the  asymptotes  is  equal  to  the  angle  between 
the  two  sides  in  which  the  cone  is  cut  by  a  plane  through  the 
vertex  parallel  to  the  horizontal  plane ;  and,  calling  this  angle 
2^,  it  is  easy  to  see  that 

cos  (f> .  cos  a  =  cos  p. 
Hence,  for  the  species  and  position  of  the  hyperbola,  we  have — 
ratio  of  semiaxes 

COS/3 

distance  of  the  centre  from  the  foot  of  vertical  let  fall  on  the 
horizontal  plane  from  the  spectator's  eye 

=  co  =  h  cot  (i-u)=  ^^f -:         .      .      (2) 

^         ^      cota.tan^/D  — 1'  ^  ^ 

distance  of  vertex  of  hyperbola  from  the  same  point 

=  cA  =  hcoi{p  —  u), (3) 

Since,  for  the  same  value  of  p,  the  rain-drops  forming  the  cor- 
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responding  line  of  the  primary  rainbow  lie  on  a  similar  cone 
similarly  placed^  and  whose  vertex  is  at  the  eye,  the  vertical 
distance  between  correspondinc/  d_rops  for  the  rainbow  and  the 
horizontal  iris  is  double  the  elevation  of  the  spectator's  eye  above 
the  surface  of  the  water.  Also,  since  the  cones  of  differently 
coloured  pencils  are  not  similar,  those  of  violet  rays  in  the  case 
of  the  former  bow  may,  the  rain-drops  being  sufficiently  distant, 
intersect  those  of  red  rays  forming  the  horizontal  iris  in  curves 
of  double  cuiTature ;  and  which  will  therefore  be  the  loci  of 
drops  transmitting  one  pencil  of  parallel  pencils  directly  to  the 
eye  to  form  a  portion  of  the  primary  rainbow,  and  a  differently- 
tinted  pencil,  which,  after  reflexion  at  the  surface  of  the  water, 
sliall  also  reach  the  eye  and  contribute  to  form  the  horizontal  iris. 

Similarly,  on  account  of  the  sun's  apparent  diameter,  the 
height  of  the  observer's  eye  from  the  surface  of  the  water  not 
being  great,  and  the  rain-drops  sufficiently  distant,  the  same 
drop  may  transmit  pencils  of  parallel  rays  of  the  same  tint,  one 
directly,  the  other  by  horizontal  reflexion ;  that  forming  part  of 
the  rainbow  corresponding  to  the  more  elevated  points  of  the 
sun's  disc,  the  other  forming  part  of  the  horizontal  bow  corre- 
sponding to  the  points  having  a  less  altitude. 

Suppose  the  most  distant  drops  of  a  falling  shower  to  lie  in  a 
vertical  plane  perpendicular  to  that  through  the  sun's  centre  and 
eye  of  the  spectator,  situated  at  a  distance  S  from  the  spectator's 
eye ;  then  if,  h  being  given,  the  sun's  altitude  be  such  that 

h  cot  (p  —  a)  >  S, 

no  horizontal  bow  will  be  visible,  though  the  primary  rainbow 
be  so ;  and,  the  sun's  altitude  being  given,  the  same  absence  of 
the  horizontal  bow  may  occur  from  the  increase  of  the  observer's 
elevation  above  the  surface  of  the  water. 

It  is  evident  that  the  similarly  tinted  parts  of  the  two  bows 
will  not  coincide  at  the  horizontal  surface  of  the  water  if  h  bear 
a  sufficiently  great  ratio  to  8;  and  that  at  a  considerable  eleva- 
tion of  the  spectator's  eye,  the  ends  of  the  horizontal  bow  may 
appear  to  lie  wholly  within  the  ends  at  which  "  .  .  . .  bibit  ingens 
Arcus  ....";  thus,  even  to  the  most  unscientific  observer,  dis- 
pelling the  illusion  of  its  being  the  ''  reflexion  of  the  rainbow  " 
in  the  water. 

The  arrangement  of  the  colours  is,  of  course,  the  same  as  in 
the  case  of  the  primary  rainbow.  If  the  sun  be  just  on  the 
horizon,  the  angle  between  the  asymptotes  will  be  equal  to  2p  ; 
and  the  bow,  therefore,  nearly  an  equilateral  hyperbola. 

In  the  degree  of  intensity  of  its  coloiu's  the  ])rimary  horizontal 
bow  would,  cateris  paribus,  coincide  with  the  secondary  rainbow. 
I  have  found,  by  such  inquiries  as  I  have  been  able  to  make 
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from  those  who  have  seen  it  under  the  most  favourable  circum- 
stances, that  its  brightness  much  exceeded  that  of  the  secondary, 
and  more  nearly  equalled  that  of  the  primary  rainbow.  Under 
very  favourable  circumstances,  therefore,  a  secondary  horizontal 
iris  might  be  seen  more  frequently  than  a  tertiary  rainbow ;  and 
cases  might  be  conceived,  as  not  beyond  the  possibility  of  occur- 
rence, in  which  the  secondary  horizontal  iris  should  be  visible, 
while  from  the  causes  above  alluded  to,  the  primary  could  not 
be  seen.  I  have  never  myself  seen  this  secondary  bow,  nor  have 
I  met  with  any  one  who  had. 

One  illustration  of  the  popular  error  prevalent  with  respect  to- 
the  '  horizontal  iris '  may  be  alluded  to.  It  is  not  uncommon  in 
some  of  those  sketches  of  scenery  under  the  effect  of  shower  and 
sunshine,  which  our  artists  love  so  well,  to  observe  a  very  pal- 
pable attempt  at  painting  in  a  calm  sheet  of  water,  occupying 
the  foreground  or  middle  distance,  a  reflexion  of  part  of  an  arch 
of  the  rainbow ;  the  attempt  being  made  evident  by  the  exercise 
of  those  artifices  by  which  painters  throw  images  formed  by 
reflexion  in  water,  beneath  its  surface. 

Kingstown  near  Dublin, 
April  25,  1853. 

P.S.  It  may  seem  almost  affectation  to  observe,  in  reference 
to  a  paper  so  unpretending  as  the  above,  that  it  was  not  sug- 
gested by  Mr.  Pratt^s  paper  which  appeared  in  the  Philosophical 
Magazine  for  February ;  having,  in  fact,  been  written  previously 
to  the  writer  having  seen  that  article.  The  two  papers  obviously 
have  no  further  connexion  than  the  circumstance  of  both  refer- 
ring to  phsenomena  occasionally  accompanying  rainbows. 

LXX.  Description  of  a  New  Pseudoscope. 

By  Walter  Hardie,  Edinburgh. 

[With  a  Plate.] 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 

PERHAPS  the  following  description  of  a  new  pseudoscope 
may  interest  those  of  your  readers  who  have  studied  Pro- 
fessor Wheatstone^s  and  Sir  David  Brewster's  papers  upon  bino- 
cular vision.  It  consists  of  a  simple  combination  of  plane  reflect- 
ors, and  may  be  constructed  of  pieces  of  thin  looking-glass.  In 
the  accompanying  diagrams  these  are  represented  in  section  by 
the  thick  black  lines ;  the  thin  lines,  representing  the  visual  rays 
as  reflected  by  the  mirrors,  will  also  serve  to  indicate  the  position 
of  the  reflecting  surfaces.  The  peculiar  properties  of  this  instru- 
ment are, — 
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1st.  It  exhibits  the  pseudoscopic  image  either  reversed,  or  in 
its  true  aspect,  each  of  these  appearances  being  instantaneously 
changeable  into  the  other  at  pleasure.  This  change  is  effected 
by  the  alternate  removal  and  replacement  of  the  mirrors  a,  b 
(Plate  VI.  fig.  1).  When  these  are  removed,  the  visual  rays  of 
the  two  eyes  are  transposed ;  and  being  twice  reflected,  the  image 
of  course  is  not  reversed.  When  they  are  replaced,  the  rays  are 
not  transposed ;  but  being  now  thrice  reflected,  the  image  is 
reversed.  In  both  cases  the  pseudoscopic  phseuomena  are  exhi- 
bited, but  not  equally  well  in  cases  where  the  mode  in  which  the 
object  is  illuminated  is  unfavourable,  namely,  where  a  side-light 
occasions  corresponding  shading.  In  objects  thus  illuminated, 
the  conversions  of  relief  are  more  easily  seen  with  the  reversing 
arrangement  than  with  the  other.  This  seems  to  arise  from  the 
reversed  position  of  the  shading  corresponding  in  some  degree 
with  the  converse  form  suggested  by  the  instrument,  while  the 
unaltered  position  of  it  in  the  other  case  so  strongly  contradicts  the 
suggested  idea  that  the  illusion  is  destroyed.  A  strong  side-light, 
however,  except  in  the  case  of  simple  rounded  forms,  such  as  the 
sphere,  cylinder,  &c.,  generally  overpowers  the  effect  even  of  the 
reversing  arrangement. 

2nd.  By  another  arrangement  of  the  mirrors,  a,  b  being 
removed,  and  c  and  d  turned  upon  hinges  into  the  position  shown 
in  fig.  2,  a  number  of  new  and  very  strange  phsenomena  are 
displayed.  The  most  striking  among  these  may  be  generally 
described  as  an  apparent  exaggeration  of  the  depth  of  space.  It 
is  exactly  the  reverse  of  the  conversions  produced  by  the  original 
pseudoscope.  Every  prominence  seems  heightened,  every  depres- 
sion deepened,  and  the  space  which  separates  any  two  objects 
placed  one  behind  the  other  appears  increased.  As  examples  of 
these  efi'ects  I  may  instance  the  following : — A  round  ball  seems 
as  if  drawn  out  into  an  egg-shaped  body  with  the  end  pointing 
towards  the  observer.  A  piece  of  money  presented  with  its  face 
towards  the  observer  appears  very  considerably  thicker  than  it 
really  is ;  but  when  turned  round  so  as  to  be  viewed  edgeways, 
it  resumes  its  natural  thickness,  and  at  the  same  time  stretches 
itself  out  into  an  oval  medal  with  its  length  in  the  direction  of 
vision.  A  common  wine-glass  looked  into  perpendicularly  seems 
a  very  deep  ale-glass,  and  an  ordinary  tumbler  viewed  in  the 
same  manner  assumes  the  appearance  of  one  of  those  tall  glasses 
used  for  effervescing  drinks.  The  open  hand  with  the  fingers 
slightly  separated  appears,  if  viewed  sideways,  of  a  most  unna- 
tural breadth,  the  intervals  between  the  fingers  being  correspond- 
ingly magnified.  The  nose  and  projecting  features  of  a  person's 
face  stand  out  with  additional  prominence ;  yet,  strange  to  say, 

2G2 
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this  effect  is  not  so  ludicrous  as  might  at  first  be  expected,  being 
unaccompanied  with  anything  like  unequal  or  local  distortion  of 
the  features. 

Of  coiirse  these  efiFects  of  alteration  of  distance  are  necessarily 
accompanied  (as  will  be  shown  when  the  principle  of  the  instru- 
ment is  exi)lained)  with  corresponding  variations  of  apparent 
magnitude,  or  lateral  extension  in  the  field  of  view.  This  is  best 
exemplified  by  a  square  card,  which,  when  ^^ewed  perpendicularly 
at  a  certain  distance,  appears  of  its  true  form  and  dimensions ; 
but  when  turned  upon  its  diameter  without  changing  its  mean 
distance,  the  side  which  approaches  the  observer  diminishes, 
while  that  which  recedes  enlar(/es ;  and  these  changes  combining 
with  the  more  rapid  elongation  of  the  other  two  sides,  convert 
the  square  into  a  long  trapezium  seen  rather  more  obliquely 
than  the  card  really  is,  and  with  its  smallest  side  next  the 
observer.  Thus  it  appears  that  when  an  object  approaches,  its 
breadth  and  height  are  diminished;  when  it  recedes,  these  are 
increased.  Beyond  and  within  certain  distances,  however,  these 
changes  of  size  as  well  as  the  exaggeration  of  depth  cease,  and 
the  object  is  seen  double;  because  binocular  combination  is  ren- 
dered impossible  in  the  one  case  by  the  visual  rays  from  the 
same  point  entering  the  eyes  conver gently,  and  in  the  other  by 
their  divergence  increasing  beyond  what  the  eyes  can  accommodate 
themselves  to  by  squinting. 

Another  effect  which  is  produced  by  both  forms  of  this  pseu- 
doscope is,  that  the  size  and  distance  of  the  binocular  image 
never  both  at  the  same  time  correspond  with  those  of  the  object. 
If  the  sizes  appear  the  same,  the  distance  of  the  image  seems 
greater ;  if  the  distances  agree,  the  size  of  the  image  is  less.  This 
effect,  however,  so  far  at  least  as  the  increase  of  distance  is  con- 
cerned, is  independent  of  the  binocular  principle  of  the  instru- 
ment, and  may  be  seen  with  one  eye  alone ;  it  is  merely  inci- 
dental to  the  construction,  and  arises  from  the  reflected  visual 
ray  being  necessarily  longer  than  the  straight  line  drawn  between 
the  eye  and  the  object. 

The  above  binocular  effects  are  all  the  results  of  an  increase  of 
the  difference  between  the  right  and  left  retinal  images.  That  this 
is  an  adequate  cause  for  them,  and  how  it  operates,  will  be 
readily  understood  by  those  already  familiar  with  the  pheno- 
mena exhibited  by  the  stereoscope,  and  their  explanation.  The 
same  effect  of  increased  depth  is  seen  with  that  instrument  when 
the  binocular  combination  of  the  two  drawings  is  produced  under 
a  diminished  angle  of  the  optic  axes.  In  both  cases  it  results  from 
a  similar  alteration  of  the  natural  relation  between  the  axial  angle 
and  the  difference  of  the  retinal  images.     The  mode  in  which  this 


Mr.  W,  llaidie's  Description  of  a  New  Psendoscojje.       445 

new  pseudoscope  increases  the  difference  of  the  retinal  images  is 
illustrated  by  %.  2,  in  which  also  an  attempt  is  made  to  indi- 
cate the  nature  and  mode  of  production  of  the  binocular  effects. 
In  this  di'awing  R  and  L  are  intended  to  represent  the  right  and 
left  eyes;   0  and  o  two  real  objects  at  different  distances ;  Ir  and 
ir  the  reflected  images  of  these  objects  seen  l^y  the  right  eye 
alone ;  1/  and  il  the  images  seen  by  the  left  eye  alone ;  and  B 
and  b  the  binocular  images  of  the  two  objects,  resulting  from 
the  combinations  of  the  reflected  images  when  viewed  by  both 
eyes  at  once.     All  these  reflected  and  binocular  images  are  repre- 
sented as  near  as  may  be  in  their  true  places,  positions,  and 
forms  relative  to  the  objects  0  and  o,  and  the  rest  of  the  draw- 
ing.    The  thin   dotted  lines  are  introduced  to   indicate  more 
clearly  the  directions  of  the  various  visual  rays  after  their  last 
reflexion,  so  that  the  connexion  of  each  reflected  image  with  its 
proper  object  may  be  more  distinctly  traced.     Now  in  order  to 
understand  this  illustration,  the  following  facts  must  be  borne  in 
mind,  namely,  that  the  relative  position  as  regards  right  and 
left  of  any  two  visual  rays  entering  one  eye  corresponds  with  the 
observed  relative  positions  of  the  objects  from  which  they  pro- 
ceed ;  and  also  that  the  angle  which  these  rays  make  Avith  one 
another  at  their  intersection  in  the  centre  of  the  eye  agrees  with, 
and  may  be  adopted  as  a  certain  index  of  the  real  distance  from 
one  another  of  the  images  of  their  objects  in  the  picture  upon 
the  retina.     A])plying  these  facts,  then,  to  the  diagram,  it  will 
there  be  seen,  that,  supposing  the  instrument  removed,  the  right 
eye  would  see  the  more  distant  object  o  situated  to  the  rif/hf  of 
the  nearer  one  0,  while  the  lefl  eye  sees  it  on  the  left  of  0 ;  the 
angles  ORo  and  OLo  being  the  measures  of  the  distances  which 
separate  the  images  of  these  two  objects  in  each  retinal  picture. 
This  shows  that  the  natural  difference  between  the  two  retinal 
pictures  is,  that  the  images  of  the  two  objects  in  the  one  occupy 
a  relative  position  the  reverse  of  what  they  occupy  in  the  other ; 
and  that  the  sum  of  the  angles  ORo  and  OLo  consequently 
represents  the  amount  of  that  difference.     In  the  same  way  it 
may  be  shown,  with  respect  to  the  reflected  images  seen  by  either 
eye  alone,  when  the  instrument  is  interposed,  that  the  sum  of 
the  angles  Ir-R-iV  and  IZ-L-zY  must  represent  the  amount  of  the 
difference  between  them ;  but  these  angles  respectively  include 
the  other  two;  their  sum  must  therefore  be  greater,  and  conse- 
quently so  nuist  the  diflercnce  it  represents  be  greater  tlian  that 
represented  by  them. 

I  have  now  only  to  mention  that  either  form  of  this  ])scudo- 
scope  makes  an  excellent  stereoscope.  With  drawings  of  con- 
vertible forms,  the  first  described  instrument  (fig.  1)  is  capable 
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of  exhibiting  an  instantaneous  changing  of  relief  into  depressibn, 
or  the  reverse,  simply  by  the  rapid  withdrawal  or  insertion  of  the 
mirrors  a,  b. 

I  am,  Gentlemen, 

Your  obedient  Servant, 
6  Pitt  Street,  Edinburgh,  Walter  Hardie. 

March  7,  1853. 

The  mirrors  e  and  /  have  a  movement  on  hinges  at  A,  by 
which  the  instrument  can  be  adjusted  for  various  distances. 


LXXI.   On  a  remarkable  Modification  of  Sturm^s  Theorem. 
By  J.  J.  Sylvester,  F.R.S* 

LET  me  be  allowed  to  use  the  term  improper  continued  frac- 
tion to  denote  a  fraction  differing  from  an  ordinary  con- 
tinued fraction,  in  the  sole  circumstance  of  the  numerators  being 
all  negative  units  instead  of  positive  units,  as  thus  : 

-&C. 

The  successive  convergents  of  such  a  fraction  as  that  written 
above  will  be 

If  we  call  these  respectively 

Ni     N,     N, 

D,'    ^.'    D/        ' 
we  have  the  general  scale  of  formation 
N,  =  g,.N._,-N,_2 

Moreover,  we  shall  have  universally 

N,  .JD,_i  — N,_i.D^  equal  to  +1, 

instead  of  alternating  between    +1  and  —1,  as  is  the  case  in 
continued  fractions  of  the  ordinary  kind. 

Again,  let  me  be  allowed  to  use  the  term  "  signaletic  "  series  to 
denote  a  series  of  disconnected  terms,  designed  to  exhibit  a  cer- 
tain succession  of  algebraical  signs  +  and  — ,  and  to  speak  of 
*  Communicated  bv  the  Author. 
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two  series  being  signaleticully  equivalent  when  the  number  of 
continuations  of  signs  and  of  variations  of  signs  between  the 
several  terms  and  those  that  are  immediately  contiguous  to  them 
is  the  same  for  the  two  series ;  a  condition  which  evidently  may 
be  satisfied  without  the  ordei'  of  such  changes  and  continuations 
being  identical.  I  am  now  able  to  enunciate  the  following 
remarkable  theorem  of  siynaletic  equivalence  between  two  distinct 
series  of  terms,  each  generated  from  the  same  improper  continued 
fraction.  But  first  I  must  beg  to  introduce  yet  another  new  term 
in  addition  to  those  already  employed,  \iz.  reverse  convergents,  to 
denote  the  convergents  generated  from  a  given  continued  frac- 
tion by  reading  the  quotients  in  a  reverse  order,  or  if  we  like  so 
to  say,  the  convergents  corresponding  to  the  given  continued 
fraction  reversed. 


The  two  forms 

1 

and 

1 

1 

qn-i 

1 

Qz 

qn-i 

are  obviously  reciprocal ;  and  if  the  two  last  convergents  of  either 
one  of  them  be  respectively 

""'  will  serve  to  generate  the  other.     For  the  clearer  and  more 

simple  enunciation  of  the  theorem  about  to  be  given,  it  will  be 

better  to  take  as  our  first  convergent  j,  so  that  1  will  be  treated 

as  the  denominator  of  the  first  convergent  in  every  case ;  and 
calling  Dq  ^^^^^  denominator,  we  shall  always  understand  that 
Do=  1.  Let  now  Dq,  Dj,  Dg, . . .  D„  be  the  {n  + 1)  denominators 
of  any  improper  continued  fraction  of  n  quotients,  and  (Joj  (Jv 
(J2,  . .  . .  (jn  the  corresponding  denominator  series  for  the  same 
fraction  reversed ;  then,  I  say,  that  these  two  series  are  signaleti- 
cnlhj  equivalent. 

I  do  not  here  propose  to  demonstrate  this  proposition,  to 
which  I  was  led  unconsciously  by  I'cscarches  connected  with  the 
theory  of  elimination,  which  aff'ord  a  complete  and  general  but 
somewhat  indirect  and  circuitous  proof.  Doubtless  some  simple 
and  direct   proof  cannot  fail  ere  long  to  be  discovered*.     For 

*  See  Postscript. 
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the  present  I  shall  content  myself  with  showing  a  posteriori  the 
truth  of  the  theorem  for  a  particular  case.  Letn  =  3.  The  two 
series  which  are  to  be  proved  to  be  signaletically  equivalent  may 
be  wi'itten 

1,     A,     BA-1,     CBA-C-A 

1,     C,     BC-1,     ABC-A-C. 

Call  these  respectively  S  and  (S).  In  S  we  may  substitute  in 
the  third  ternij  in  place  of  BA— l^  CA  without  affecting  the 
signaletic  value  of  the  series ;  for  if  the  second  and  fourth  terms 
have  different  signs,  the  third  term  may  be  taken  anything 
whatever,  since  the  sequence  of  the  second,  third,  and  fourth 
terms  will  give  one  continuation  and  one  change,  whatever  the 
middle  one  may  be.  Suppose,  then,  that  the  second  and  fourth 
terms  have  the  same  sign,  and  let 

CBA-C-A=m2.A, 

.-.  C(BA-l)  =  (m2+l)A, 

.-.  (BA-l).AC  =  (m2  +  l)A2. 

Hence  (BA  — 1)  and  AC  will  have  the  same  sign;  hence  S  is 
signaletically  equivalent  to  S',  where  S'  denotes  the  series 

1,     A,     CA,     CBA-C-A. 

Now,  again,  if  CA  is  negative,  we  may  put  instead  of  A  any- 
thing whatever,  and  therefore,  if  w'e  please,  C,  without  affecting 
signaletically  the  value  of  S'.  But  if  CA  is  positive,  A  and  C 
will  have  the  same  sign,  and  therefore  on  this  supposition  also 
C  may  be  substituted  for  A.  Hence  always  S'  is  signaletically 
equivalent  to  S'',  where  S"  denotes 

1,     C,     CA,     CBA-C-A. 

Again,  if  C  and.CBA  — C  — A  have  different  signs,  the  value 
of  the  intermediate  term  is  immaterial ;  but  if  C  and  CBA  —  C  —  A 
have  the  same  sign,  let 

CBA-C-A  =  m2C; 
then  A(CB  +  l)  =  (l+m2)C, 

and  A2(CB-l)  =  {l+m2)AC; 

and  consequently  CB  —  1  and  AC  have  the  same  sign.  In  every 
case,  therefore,  S"  is  signaletically  equivalent  to 

1,     C,     CB-1,     ACB-A-C; 

i.  e.  S  is  signaletically  equivalent  to  S',  and  therefore  to  S",  and 
therefore  to  (S),  as  was  to  be  proved. 

The  application  of  the  foregoing  theory  to  Sturm\s  process 
for  finding  the  number  of  real  roots  of  an  equation  is  ap})arent ; 
for  a  verv  little  consideration  will   serve  to   show,   that   if  we 
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fix) 
expand  -^— ^,  [/(a)  being  of  the  nth  degree  in  {x),']  algebraically 

under  the  form  of  a  continued  fraction 


1 

Q      1 

0.2          1 

Qa 

• 

1 

Q, 

where  Q„  Q.^,  Q3,  .  .  .  Q„  may  be  supposed  linear  functions  of  x 
(although^  in  fact,  this  restriction,  as  will  be  hereafter  noticed,  is 
unnecessary),  the  denominators  of  the  reverse  convergents 

—      J_  Q«-i  Q„-i  -Qu-a  .  ■ .  Qi  — &c. 

1'    Q„'    Q„.Q„_,-r  •••  Q„.Q„_:...Qi-&c. 

will  be  signaletically  equivalent  with  the  Sturmian  series  of 
functions  for  determining  the  number  of  real  roots  of  fx  within 
given  limits ;  in  fact, 

1,     Q,.     Q„.Q„-,-l,  ...Q„.Q„-....Qi-&c. 

will  be  the  Sturmian  functions  themselves,  divided  out  by  the 
negative  of  the  last  or  constant  residue  which  arises  in  the  appli- 
cation of  the  process  of  continued  division,  according  to  Sturm's 
rule ;  and  as  we  have  shown  that  the  series  of  the  denominators 
to  the  convergents  of  any  continued  fraction,  and  the  series  of 
the  denominators  to  the  convergents  of  the  same  fraction  reversed, 
are  signaletically  equivalent,  we  have  this  sui"prisingly  new,  inter- 
esting, and  suggestive  mode  of  stating  Sturm's  theorem,  viz, 
the  denominators  to  the  con^■er£i•ents  of  the  continued  fraction 

fx 
which  represents  -j-  constitute  a  Rhizoristic  series  for  f{x),  i.  e. 

a  signaletic  series  which  serves  to  determine  the  number  of  roots 

of  fx  comprised  within   any   prescribed  limits.     ^Ioreo\cr,   in 

applying  this  theorem  it  is  by  no  means  necessary  that,  in  the 

fx 
continued  fraction  which  represents*^,  all  or  any  of  the  quo- 

tients  should  be  taken  linear  functions  of  x.  A  very  little  con- 
sideration of  the  principles  upon  wliich  the  demonstration  of 
Sturm's  theorem  is  founded  will  serve  to  show  that  the  conver- 
gent denominators  to  any  continued  fraction  whatever  which 

fx 
represents  -^,   whether  the  quotients  be  linear  or  non-linear, 
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integral  or  fractional,  or  mixed  functions  of  x,  and  whatever  the 
number  of  quotients  (which,  it  may  be  observed,  cannot  be  less 
than,  but  may  be  made  to  any  extent  greater  than  the  exponent 
of  the  degree  of /(a)),  will  equally  well  furnish  a  Rhizoristic  series 
for  fixing  the  position  of  the  roots,  provided  only  that  the  last 

.       fx 
divisor  in  the  process  of  expanding  -r-  under  the  form   of  an 

/■^ 
improper  continued  fraction  be  a  constant  quantity  or  any  func- 
tion of  X  incapable  of  changing  its  sign. 

Let  us,  however,  for  the  present  confine  our  attention  to  the 
ordinary  Sturmian  form,  where  all  the  quotients  are  linear  func- 
tions of  [x) .     Let  these  quotients  be  respectively 

a-^x-\-b^;  a^  +  b^;  a^  +  b^;  .  .  .  a^x  +  bn. 

In  order  to  determine  the  total  number  of  real  and  imaginary 
roots  off{x),  we  must  count  the  loss  of  continuations  of  sign  in 
the  Rhizoristic  series  in  passing  from  x=:+cctox=  —  cx).  When 
X  is  infinitely  great,  it  is  clear  that,  whether  positive  or  negative, 
the  parts  b^,  b^, . . .  bn  may  be  neglected,  and  only  the  highest 
powers  of  x  need  be  attended  to  in  writing  down  the  signaletic 
series  corresponding  to  these  two  values  of  x.  Accordingly  for 
a?=  +00  the  signaletic  series  becomes 

and  consequently  the  number  of  pairs  of  imaginary  roots  oif[x) 
is  the  number  of  changes  of  sign  in  the  series 

1,  «j,  tt-^ .  tt(^  . ,  .  a-^  .  a^)  .  •   .  Ofif 

i.  e.  is  the  number  of  negative  quantities  in  the  series 

Oj,  a^,  a^, . .  .  a^. 

Hence  we  have  the  curious  and  hitherto  strangely  overlooked 
theorem,  that  in  applying  Sturm^s  process  of  successive  division 
to  fx  and  fx,  the  number  of  negative  coefficients  of  x  in  the 
successive  quotients  gives  the  number  of  pairs  of  real  roots  of 
fx ;  as  a  corollary,  we  learn  the  somewhat  curious  fact  that  never 
more  than  half  of  these  coefficients  can  be  negative;  and  in 
general  it  would  appear  that  the  better  practical  method  of  apply- 
ing Sturm's  theorem  would  be  not  to  deal  with  the  Residues, 
which  have  hitherto  been  the  sole  things  considered,  but  rather 
with  the  linear  quotients  which  have  been  treated  as  merely  inci- 
dental to  the  formation  of  the  Residues. 

To  find  the  value  of  the  Rhizoristic  series  corresponding  to  a 
given  value  of  x,  the  better  method  would  accordingly  seem  to 
be  to  commence  with  finding  the  arithmetical  values  of  the  {n) 
quotients 

tti.x  +  b^;  a^x  +  bc^;  .  .  .  UnX+bn. 
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Wc  thus  obtain  {n)  numbers  /Xj,  i^^,  .  .  .  /J^n,  and  have  only  to  fomi 
a  progression  according  to  the  well-known  law 

1,  N„  N2,  . . .  N„, 
where  N,=/u.,  and  in  general  Nj  =  yu,^ .  Nt_,— Nt_2. 

The  number  of  arithmetical  operations  required  by  this  method 
(after  the  division  part  of  the  process  which  is  common  to  the 
two  methods  has  been  performed)  will  be  2n  multiplications  and 
2n  additions  or  subtractions ;  whereas  if  we  deal  with  the  residues 
directly,  the  number  of  multiplications  will  be 

n  +  {n-l)+  ...  +1,  I.e. — ^-^ 

(besides  having  to  raise  x  to  the  nth  power),  and  the  same  num- 
ber of  additions.  The  practical  advantage,  however,  of  this 
method  over  the  old  method  is  not  quite  so  great  as  it  may  at 
first  sight  appear,  in  consequence  of  the  quantities  operated  with 
on  applying  it  being  larger  numbers  than  those  which  have  to 
be  used  in  the  old  method. 

If  we  were  to  employ,  instead  of  the  direct  series, 

1,     Ni,     N^,     N,-l,  &c., 

the  signaletically  equivalent  reverse  series 

li,     N„,     N„_,.N;^-1,  &e., 

the  arithmetical  difficultywouldbemuch  increased  in  consequence 
of  the  quotients  becoming  rapidly  more  complex  as  the  division 
proceeds.  It  were  much  to  be  desired  that  some  person  practi- 
cally conversant  with  the  application  of  Sturm^s  method,  such  as 
that  excellent  and  experienced  mathematician,  my  esteemed 
friend  Professor  J.  R.  Young,  would  perpend  and  give  his  opi- 
nion upon  the  relative  practical  advantages  of  the  two  methods  of 
substitution ;  the  one  that  where  the  residues  are  employed,  the 
other  that  where  the  quotients. 

I  am  bound  to  state,  that  but  for  a  valuable  hint  furnished  to 
me  by  my  friend,  that  most  profound  mathematician,  M.  Hermite, 
who  discovered  a  theorem  virtually  involving  the  transformation 
of  Sturm's  theorem  here  presented,  but  founded  upon  entirely 
different  and  less  general  considerations,  and  in  tlic  origin  of 
which  hint,  as  arising  out  of  my  own  previous  speculations  upon 
which  I  was  in  correspondence  with  AI.  llcrniitc,  I  may  perhaps 
myself  claim  a  share,  this  theory  would  probably  not  have  come 
to  light.  It  is  of  course  not  confined  to  Sturm's  theorem,  which 
deals  only  with  the  special  case  of  two  functions,  whereof  one  is 
the  first  derivative  of  the  other. 

There  is  a  larger  theory,  to  which  M.  Sturm's  is  a  corollary, 
which  contemplates  the  relations  of  the  roots  of  any  two  func- 
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tions  whatever.  This  is  wliat  I  term  the  theory  of  interjjositions, 
upon  which  I  do  not  propose  here  to  enter,  but  whieli  will  be 
fully  developed  in  a  memoir  nearly  completed,  and  which  I 
shortly  propose  to  present  to  the  Royal  Society,  wherein  will  be 
found  combined  and  flowing  into  one  current  various  streams  of 
thought  bearing  upon  this  subject  which  had  previously  existed 
disunited,  and  appearing  to  follow  each  a  separate  course. 

7  New  Square,  Lincoln's  Inn, 
May  13,  1853. 

Remark. 

I  am  not  aware  that  anyone  has  observed  what  the  effect  would 
be  of  omitting  to  change  the  signs  of  the  successive  residues  in 
the  application  of  Sturm's  method,  i.  e.  of  employing  a  proper 

in  lieu  of  an  improper  continued  fraction  to  express  j-. 

Although  easily  made  out,  it  is  well  worthy  of  being  remarked. 
Suppose 

/"Q,_JL 

: 1^ 

and  in  general  (P  being  any  letter)  use  P  to  denote  —P.  Now 
we  may  write 

P}  =  ^SP2  —  P3 

P3  =  QbP4  —  P5 

P4  =  Q6P5  —  P6- 
&C.  =  &C. 

This  gives 

<}>  =  Q2PI+P9 
PI  =  ^3N  +  P3 
Po  =  QaP3  +  P4 
P3=^:',P4  +  P0 

&c.  =  &c. 
The  law  evidently  being  that  the  quotients  change  their  sign 
alternately,  i.  e.  in  the  2nd,  4th,  6th,  &e.  places,  and  remain 
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unaltered  in  the  Ist^  3rd,  5th,  &c.  places;  whereas  the  residues 
or  excesses  change  their  signs  in  the  1st  and  2nd,  5th  and  6th, 
9th  and  10th,  &c.,  and  remain  \inaltered  in  the  3rd  and  4th, 
7th  and  8th,  11th  and  12th,  &c.  places.  The  effect  is,  that  if,  in 
applying  Sturm's  method,  we  omit  to  change  the  signs  of  the 
remainders,  and  take  as  our  signaletic  series 

fx,fx,  Ri,  Rj,  Eg,.  .  .Il„_,, 

R,,  R.,,  R3,  &c.  being  the  successive  unaltered  residues,  the  sig- 
naletic index  corresponding  to  any  value  of  x  instead  of  being 
the  number  of  continuations  in  the  above  series,  will  become  the 
number  of  continuations  in  going  from  a  term  in  an  odd  place 
to  a  term  in  an  even  place  plus  the  number  of  variations  in  going 
from  a  term  in  an  odd  place  to  a  term  in  an  even  place. 

If  we  adopt  the  quotient  method,  the  rule  will  be  simply  to 
change  the  sign  of  the  alternate  quotients  (beginning  with  the 
second)  in  forminn;  the  signaletic  series. 

As  an  artist  delights  in  recalling  the  particular  time  and  atmo- 
spheric effects  under  which  he  has  composed  a  favourite  sketch, 
so  I  hope  to  be  excused  putting  upon  record  that  it  was  in  listen- 
ing to  one  of  the  magnificent  choruses  in  the  '  Israel  in  Egypt,' 
that  unsought  and  unsolicited,  like  a  ray  of  light,  silently  stole 
into  my  mind  the  idea  (simple,  but  previously  unpcrceived)  of 
the  equivalence  of  the  Sturmian  residues  to  the  denominator 
series  formed  by  the  reverse  convergents.  This  idea  was  just 
what  was  wanting, — the  key-note  to  the  due  and  perfect  evolution 
of  the  theory. 

Postscript. 

Immediately  after  leaving  the  foregoing  matter  in  the  hands 
of  the  printer,  a  most  simple  and  complete  proof  has  occurred  to 
me  of  the  theorem  left  undemonstrated  in  the  text. 

Suppose  that  we  have  any  series  of  terms  u^,  u^,  2/3,  . . .  it,,, 
where 

Mi  =  Ai     t/2=^-^i-^2— 1     %=AiA2A3-Ai-A3  &c., 
and  in  general 

U^  =  X^.l/^-l—^ll-■2, 

then  w„  W.2,  ?^,  . . .  */„  will  be  the  successive  })rineipal  coaxal  deter- 
minants of  a  syiumetrieal  matrix.  Thus  suppose  /«  =  5;  if  we 
write  down  tlie  matrix 

A,  10     0     0 

1  A.    1     0     0 

0  1'  A3    1     0 

0  0]    A4    1 

0  0     0     1    A. 
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(the  mode  of  formatiou  of  which  is  self-apparent),  these  succes- 
sive coaxal  determinants  will  be 

1.1  A. 


A,  1 

Ai  ]   0 

Ai  1  0  0 

Ai  1  0  0  0 

1  A, 

1       Agl' 

1     Agl     0 

1  A2I  0  0 

0        1    Ag 

0   IA3I 

0    1  A3 1  0 

0  0  1  A4 

0   0  1  A4  1 

'    0   0  0  1  A. 

I.  e. 
\,   Ai,  A1A2-I,  A1A2A3-A1-A3,  A,A2A3A4-AiA2-AiA4 

— A3A4+ 1,  AiAoAgA4A5— AjAgAg— A1A4A5— A3A4A5— A3A2A3 

+  A5+A3  +  A1. 

It  is  proper  to  introduce  the  unit  because  it  is,  in  fact,  the  value 
of  a  determinant  of  zero  places,  as  I  have  observed  elsewhere. 
Now  I  have  demonstrated  directly  in  this  very  ]\lagazine  (August 
1852),  under  cover  of  the  umbral  notation,  that  the  signaletic 
value  of  a  regularly  ascending  series  of  principal  coaxal  deter- 
minants formed  from  any  symmetrical  matrix  is  unaffected  by 
any  such  transposition  whatever  of  the  lines  and  columns  of  the 
matrix  as  does  not  destroy  the  symmetry  about  the  principal  axis. 
Hence,  then,  beginning  from  the  lower  extremity  of  the  axis  A5, 
and  readin 
point,  we  obtain  the  reverse  series, 

1>     A5,     A5A4— 1, 

A5A2  —  A3A2  +  1,      A5A4A3A2AJ A5A4A J  AgAgAg  —  A3A2A1 

-A5A4A3  +  A1+A3+A5. 

Hence  we  see  that  the  denominators  to  the  convergents  of 
Ai       1 


off  the  ascending  series  of  coaxal  minors  from  that 


A5  A4  A3  •—  A5 — A3, 


A5A4Ag  A2  —  A5A4 


A. 


^4.1 


beginning  with  1,  form  a  series  signaletically  equivalent  to  that 
similarly  formed  from  the  fraction 
1 


A. 


A. 


A, 


A/ 


of  Sturm's  Theorem. 
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and  the  reasoning  is  of  course  general,  which  establishes  the 
theorem  in  question. 

It  seems  only  proper  and  natural  that  I  should  not  leave  un- 
stated here  the  signaletic  properties  of  the  series  of  numerators 

f'x 
to  the  convei'gents  to  -j~  expanded  under  the  form  of  a  con- 

tinned  fraction. 

Let  the  number  of  changes  of  sign  in  the  denominator  series 
for  any  given  value  {a)  of  x  be  called  T>{a),  and  for  the  nume- 
rator series  N(ff).  Then  N(fl)  —  N(6)  may  be  equal  to,  or  at  most 
can  only  differ  by  a  positive  or  negative  unit  fi-om  T)[a)—'D{b), 
The  relation  between  these  differences  depends  on  the  nature  of 
the  interval  between  the  greater  of  the  two  limits  {a)  and  {b), 
and  the  root  of  f{x)  next  less  that  limit,  and  of  the  interval 
between  the  less  of  the  two  limits  [a)  and  [b),  and  the  root  oifx 
next  greater  than  such  limit.  If  a  root  oi  f{x)  is  contained  in 
each  such  interval, 

N(fl) -N(6)  =D(o) -D(6)  + 1 ; 

if  a  root  of  f'{x)  is  contained  within  one  interval,  but  no  root 
within  the  other, 

N(a)-N(6)=D(fl)-D(5); 

if  no  root  of  f{x)  is  contained  within  either  interval, 

N(«) -N(Z»)  =D(o) -D(6) -1. 

I  may  conclude  with  noticing  that  the  determinative  form  of 
exhibiting  the  successive  convergents  to  an  improper  continued 
fraction  affords  an  instantaneous  demonstration  of  the  equation 
which  connects  any  two  consecutive  such  convergents  as 


D*-, 


and  Yr>  viz. 


For  if  we  construct  the  matrix,  which  for  greater  simpUcity  I 
limit  to  five  lines  aud  columns, 


(M) 


A 

1 

0 

0 

0 

1 

B 

1 

0 

0 

0 

1 

c 

1 

0 

0 

0 

1 

D 

1 

0 

0 

0 

1 

E 

1 

and  represent  umbrally  as 

ff,       ffo      ffg      O4      O5 

^1    ^2    *3   *4   hi 
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and  if,  by  way  of  exani])le,  we  talce  the  fourth  and  fifth  conver- 
gcuts,  these  will  be  in  the  umbral  notation  represented  by 


b. 

a. 

3     a. 

and 

1 

b 

.     b 

'3 

^'4       h 

f\    "i 

"\ 

('i 

a 

3       ^'4       ^'5 

h   h 

b, 

3     K 

1 

h 

h 

I 

'3       *4       *5 

respectively.     Hence 

N,D4-N,1), 

5  — 

*3       > 

«5 
h 

X 

^'2        «3 
Z»2        ^3 

«2 

('3 

(t 

4 

X 

«-2       <^3       ''4 

"^   "\ 

f'% 

b, 
('3    0 

/>3 
'4    ('l 

b 

4 

Z>2        63       - 

\ 

h  ^ 

^  ^'2  "s  "a  "s    X 

Or, 

H 

«4   «5      ^'a 

f's 

a^  a,) 

b,     b^      b,     br, 

h 

h     I 

'4    ^i 

h 

h 

Z/4    ^5       b^_ 

h 

K  h 

-    ('2 

«4 

«5 

X 

0., 

«3 
^3 

04       «l 
*4        ^5 

_a^ 

"5 

X 

«1 

b. 

«2 

^4       ^.5 

1 

B 

1 

0 

1 

0 

0     0 

0 
=  0 

1 
0 

C 

1 

1 

X 

B 

1 

1 
c 

0  0 

1  0 

0 

0 

0 

1 

0 

1 

D     1 

=  1x1  =  1, 

as  was  to  be  proved.  And  the  demonstration  is  evidently  general 
in  its  nature.  We  may  treat  a  proper  continued  fraction  in  pre- 
cisely the  same  manner^  substituting  throughout  v^  —  1  in  place 
of  1  in  the  generating  matrix,  and  Ave  shall  thus,  by  tlie  same 
process  as  has  been  applied  to  improper  continued  fractions, 
obtain 

N.+i .  D^-N, .  D.+,  =  (  v'^y  X  ( '/~^y 

=  (-!)'• 
I  believe  that  the  introduction  of  the  method  of  determinants 
into  the  algorithm  of  continued  fractions  cannot  fail  to  have  an 
important  bearing  upon  the  future  treatment  and  development 
of  the  theory  of  Numbers*. — J.  J.  S. 

*  If  in  the  above  matrix  (M)  we  write  throughout  -v^ — 1  in  place  of  1,  we 
have  a  representation  of  the  numerators  and  denominators  of  the  conver- 
gents  to  a  proper  continued  fraction,  and  such  representation  gives  an  im- 
mediate and  visible  proof  of  the  simple  and  elegant  rule  (not  stated  in  the 
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LXXII,   On  Chiviatite,  a  new  Mineral  from  Peru. 
By  Professor  Rammelsberg*. 

■R.  BROOKE  sent  to  me  a  considerable  time  since  a 
mineral  whicli  he  looked  upon  as  a  new  species,  and 
which  is  said  to  have  been  met  with  at  Chiviato  in  Peru.  In 
many  respects  it  resembles  bisnmtliine^  is  of  a  lead-gray  colour, 
and  possesses  a  marked  mctalhc  lustre.  The  foliated  crystalline 
mass  is  cleavable  in  three  directions  situated  in  the  same  zone, 
but  most  readily  in  the  direction  of  a  plane,  \\ath  respect  to  which, 
according  to  Professor  iMiller's  approximative  measurements,  the 

ordinary  treatises  on  the  subject,  nor  so  well  known  as  it  deserves  to  be) 
for  fonning  any  such  numerators  or  denominators  by  means  of  the  principal 
terms  in  each ;  the  rule,  I  mean,  according  to  which  the  ith  denominator 
may  be  formed  from  qi .  (js  ■  qs  ■  <]4  ■  ■  ■  q^  (9i>  G'-:-  ■  •  -li  being  the  successive 
quotients),  and  the  ttli  numerator  from  q^.q^.  .  -q  ,  by  leaving  out  fi'ora 
the  above  products  respectively  any  pair  or  any  number  of  pairs  of  conse- 
cutive quotients  as  qp.qp  +  i-  For  instance,  from  qi .  q^  •  <i3  •  ^4  •  Is,  by 
leaving  out  qi .  q^,  ?2  •  G'3'  93  •  qt,  and  q.i .  q^,  we  obtain 

?3.94.95+?i  -94 -95  +  91  92 -95  +  91  -qi-qs; 
and  by  leaving  out  '/i  .  92 X  93  .  94,  q\  -q^Xqi-qs,  92  -  93 X  74  -  95»  ^'^  obtain 
95  +  93+9i ;  so  that  the  total  denominator  becomes 

9i .  92  .qs-qi-  q-o  +  q3  -  9^  -  95  +  91  -  94-95+91  •92-95+9i-92-93+9i  +  93+96; 
and  in  like  manner  the  numerator  of  the  same  convergent  is 

/  ,  ,        1       ,        1       ,        1       ,             1 
92  -  93  •  94  •  95  i   '  + + + H ' 

'•  92-93  93-94  94-95  93-93-94-95 

i .  e.  qi ■  qs  •  q-i  ■  qi+q2  ■  qs+q-  •  qo+q-i  ■  q3+'^- 

The  most  cursory  inspection  of  the  form  of  the  generating  matrix  wdl 
show  at  once  the  reason  of  this  rule.  It  may  furthermore  be  observed,  that 
everv  i)rogression  of  terms  constructed  in  conformity  with  the  equation 

11,1  =  0)1  .  U„-\  —  h„  .  K,i-2+C„  .  «n_3+&C., 

may  be  represented  as  an  ascending  series  of  principal  coaxal  determinants 
to  a  common  matrix.  Thus  if  each  term  in  such  progression  is  to  be  made 
a  linear  function  of  the  three  preceding  terms,  it  will  be  represeutable  by 
means  of  the  matrix 

C"     0     0 

B"  C"   0 
A"  B'"  C"" 
1     A'"  B"" 
0      1     A"" 
indefinitely  continued,  which  gives  the  terms 

1,  A,  AA'-B,  AA'A"-BA"-AB"+C",  &c. 

*  From  Poggendoi"ff's  Annalen,\o\.  Ixxxviii.  p.  320.  Communicated  by 
W.  G.  Lettsom,  Esq. 

Phil.  Mag.  S.  4.  Vol.  5.  No.  34.  June  1853.  2  H 


A 

B 

1 

A' 

0 

1 

1) 

0 

0 

0 

458  Cambridge  Philosophical  Society. 

second  is  incliuecl  at  an  angle  of  153°,  and  the  third  at  an  angle 
of  133°.  The  specimen  transmitted  to  me  is  intermixed  with 
pyritc  and  haryte. 

*  I  found  the  specific  gravity  to  be  =6-920.  Its  behaviour, 
before  the  blowpipe  and  in  the  moist  way  resembles  that  of  patri- 
nite.  Decomposed  by  means  of  chlorine,  it  gave  the  following 
result : — 

Sulphur 18-00 

Bismuth 60-95 

Lead        16-73 

Copper 2-43 

Iron 1-02 

Silver trace 

Insoluble 0-59 

99-71 

Calculating  for  the   separate  metals  what  are  the  requisite 
amounts  of  sulphur,  we  obtain — 

13-80  =  74-75  Bi^  S3 
2-60"l  0  91=19-33  PbS 
0-61/'^*'^   =   3-03  Cu^S 
1-21=   2-23  FeS^ 

18-22 
After  deducting  the  inconsiderable  amount  of  the  intermixed 
pyrite,  the  quantity  of  sulphur  contained  in  the  PbS  (Cu^S)  and 
the  Bi^  S^  affords  the  ratio  of  1  :  4^,  so  that  the  formula  for  this 
new  compound  is — 

The  mineral,  the  name  for  which  is  derived  from  its  locality, 

therefore  approaches  patrinite,  which  is  3  <  ^  go  ^Bi^S^.       Ko- 

bellite  contains  3PbS,  Bi^  S^,  and  Klaproth^s  cupreous  bismuth 
from  Wittichen  is  perhaps  2Cu^S,  Bi-  S'^. 

LXXIII.  Proceedings  of  Learned  Societies. 

CAMBRIDGE  PHILOSOPHICAL  SOCIETY. 
[Continued  from  vol.  iii.  p.  317-] 
Feb.  IG,  pilOFESSOR  MILLER  made  a  communication  on  the 
1852.     A       Artificial  Formation  of  Crystallized  Minerals. 
March  I. — Mr.  Hopkins,  F.R.S.  &c.,  gave  a  Lecture  on  the  In- 
fluence of  Internal  Heat,  Stellar  Radiation,  and  Configuration  of 
Land  and  Sea  in  producing  Changes  of  the  Earth's  Superficial  Tem- 
perature. 
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March  15. — Professor  Miller  made  a  communication  on  different 
improvements  in  the  Reflective  Goniometer  ;  and  a  description  of  a 
New  Reflective  Goniometer. 

Professor  Stokes  concluded  a  paper  on  the  Composition  and  Reso- 
lution of  Streams  of  Polarized  Light  from  different  Sources  (see  the 
abstract  under  the  date  Feb.  16,  1852,  Phil.  Mag.  vol.  iii.  p.  316). 

He  also  made  a  communication  on  Haidinger's  Brushes. 

Also  on  the  Optical  Properties  of  a  New  Salt  of  Quinine.  The  salt 
alluded  to  is  that  which  had  recently  been  discovered  by  Dr.  Herapath 
(Phil.  Mag.  vol.  iii.  p.  161).  The  substance  of  this  communication 
formed  the  subject  of  a  notice  of  the  properties  of  the  salt  which  the 
author  read  at  the  Meeting  of  the  British  Association  at  Belfast, 
which  will  be  found  in  the  Report  of  the  Transactions  of  the 
Sections. 

April  26. — The  Rev.  Mr.  Kingsley  gave  an  account  of  the  appli- 
cation of  Photography  to  the  Microscope. 

The  earliest  attempts  in  photography  were  directed  both  by  Sir 
H.  Davy  and  Mr.  Fox  Talbot  to  the  fixing  upon  prepared  paper  the 
images  of  objects  by  the  solar  microscope,  and  the  latter  gentleman 
succeeded  completely,  as  far  as  his  instrument  allowed,  in  obtaining 
pictures  of  minute  structures.  Shortly  after  the  publication  of  Mr. 
Talbot's  process,  various  attempts  were  made  to  apply  the  oxyhy- 
drogen  microscope  to  the  same  purpose,  as  that  instrument  had 
superseded  the  solar.  The  result  however  was,  that  it  was  aban- 
doned on  account  of  the  great  time  that  was  found  to  be  necessary 
for  impressing  an  image  ;  and  after  a  great  variety  of  trials  by  Prof. 
Owen,  Dr.  Carpenter,  Dr.  Leeson  and  others,  the  use  of  the  instru- 
ment for  this  purpose  was  given  up. 

The  discovery  of  the  collodion  process,  so  much  more  sensitive 
than  that  of  Mr.  Talbot,  led  the  author  to  think,  as  soon  as  he  be- 
came acquainted  with  it,  that  we  were  in  possession  of  the  means  of 
impressing  microscopic  objects  by  means  of  artificial  light  without 
any  great  trouble.  A  friend  of  his  had  an  oxyhydrogen  microscope 
of  the  common  form,  and  on  making  a  trial  with  it,  he  found  that 
by  using  a  very  sensitive  kind  of  collodion,  he  could  obtain  images 
by  about  a  minute's  exposure.  On  examining  the  instrument,  how- 
ever, he  saw  that  its  form  must  be  completely  changed,  in  fact,  that 
an  entirely  new  kind  of  instrument  was  required  to  obtain  the  best 
effect.  The  two  points  to  be  regarded  as  the  peculiar  principles  of 
this  microscope  are,  1st,  that  none  of  the  radiant  liglit  be  lost,  or  as 
little  as  possible  ;  2ndly,  that  the  magnifying  power  be  obtained  by 
such  means  as  would  not  place  the  screen  for  receiving  the  image 
beyond  such  a  distance  from  the  object,  that  the  motions  of  the 
instrument  could  be  governed  at  the  same  time  that  the  image 
was  closely  inspected.  The  first  of  these  objects  is  secured  by  giving 
a  very  large  angular  aperture  to  the  system  of  lenses  used  for  col- 
lecting the  light,  and  by  using  another  set  of  lenses  for  condensing 
it  again  on  the  object,  and  so  arranging  their  focal  length  in  pro- 
portion to  the  focal  length  of  the  object-glass,  as  to  cover  the  plate 
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to  be  acted  upon,  and  that  space  only :  the  second,  by  using  a  sort 
of  eye-piece  for  enlarging  the  image  formed  by  the  object-glass. 

The  lenses  divide  themselves  into  four  groups,  as  represented  in 
the  figures,  in  which  the  light  is  supposed  to  proceed  from  the  left 
hand  to  the  right.  The  first  set  for  collecting  the  light  is  composed 
of  three  large  lenses,  a  meniscus,  plano-convex  and  double  convex, 
being  a  combination  of  three  lenses  similar  in  effect  to  Herschel's 
doublet ;  the  second  set  for  condensing  the  light  on  the  object  is  a 


similar  set  of  lenses,  but  of  much  shorter  focal  length,  and  turned 
the  other  way ;  between  these  two  sets  is  a  plano-convex  or  plano- 
concave lens  placed  at  its  focal  length  from  the  convergence  of  the 
rays  from  the  first  group,  so  as  to  make  the  rays  pass  to  the  con- 
densers in  a  state  of  parallelism,  and  so  do  away  with  the  necessity 
of  changing  the  distance  between  the  collectors  and  condensers 
for  each  adjustment  of  the  latter :  the  third  group  forms  the  object- 
glass,  which  must  be  so  corrected  as  to  have  the  rays  of  the  spec- 
trum between  the  fixed  lines  G  and  H  as  much  as  possible  brought 
to  a  point,  as  these  rays  are  those  that  produce  the  maximum  ac- 
tion on  the  silver  salts  used  in  photography  ;  this  will  require  the 
red  rays  to  be  left  untouched,  just  in  the  same  way  as  Fraunhofer 
left  those  of  the  blue  end  of  the  spectrum  dispersed  in  correcting  an 
object-glass  for  light.  The  fourth  group  is  the  common  eye-piece 
left  under-corrected.  A  rather  better  form  for  this  is  a  Ramsden's 
eye-piece  with  the  first  lens  partially  achromatized,  by  making  it  a 
compound  lens  with  the  radius  of  curvature  of  the  common  surface 
nearly  double  that  of  the  surface  that  would  render  it  achromatic. 
This  form  of  eye-piece  gives  a  better  correction  of  the  oblique  pen- 
cils than  the  common  negative. 

The  time  of  exposure  to  obtain  an  intense  negative  six  inches 
diameter,  on  a  collodion  plate  prepared  as  below,  is  about  a  minute  ; 
a  positive  is  obtained  in  a  fraction  of  a  second. 

The  collodion  is  formed  by  dissolving  gun-cotton  in  sulphuric 
rether,  and  adding  to  it  a  small  portion  of  iodide  of  silver  dissolved 
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in  iodide  of  potassium,  and  also  a  very  small  portion  of  bromide  of 
iron,  or  of  iodide  or  bromide  of  arsenic.  The  image  is  developed  by 
protonitrate  of  iron,  or  by  a  solution  of  pyrogallic  acid  in  acetic 
acid  and  water,  and  fixed  by  a  solution  of  hyposulphite  of  soda. 

By  taking  out  the  two  first  lenses  of  the  collectors,  the  instrument 
is  adapted  for  using  sunlight. 

Note. — At  the  time  that  this  communication  was  made  to  the 
Society,  Prof.  Stokes  had  kindly  made  known  to  the  author  the  re- 
sults of  his  discoveries  with  regard  to  the  rendering  visible  the  che- 
mical spectrum,  but  as  he  had  not  then  made  them  public,  the  author 
of  this  communication  could  not  state  the  use  that  Prof.  Stokes's 
discovery  enabled  him  to  make  of  a  screen  composed  of  uranium 
glass,  or  of  infusion  of  horse-chestnut  bark,  for  finding  the  focal  di- 
stance of  the  chemical  image,  or  of  arranging  the  lenses  of  the  con- 
denser so  as  to  produce  the  maximum  of  chemical  action. 

Also,  since  the  communication  was  made,  it  has  been  fouad  that 
the  instrument  described  gives  light  enough  to  impress  an  image  on. 
any  of  the  ordinary  papers  or  Daguerreotype  plates  in  periods  ran- 
ging between  one  and  five  minutes,  with  the  oxyhydrogen  and  lime 
light;  and  with  direct  sunshine  the  impression  is  almost  instantane- 
ous ;  of  course  sunlight  is  much  better  than  any  artificial  light  when 
it  can  be  procured,  both  as  regards  speed  and  the  clearness  of  the 
picture  produced. 

May  10. — Professor  Miller  gave  an  account  of  a  new  method  of 
adjusting  the  Knife-edges  of  a  Balance. 

Also  of  a  method  of  determining  the  height  of  clouds  by  night. 

May  24. — Professor  Stokes  gave  a  Lecture  on  the  Internal  and 
Epipolic  Dispersion  of  Light. 

Nov.  8. — Mr.  Adams,  F.R.S.  &c.,  gave  an  account  of  some  Tri- 
gonometrical Operations  to  ascertain  the  diflference  of  geographical 
position  between  the  Observatory  of  St.  John's  College  and  the 
Cambridge  Observatory. 

The  observations,  especially  those  of  eclipses  and  occultations, 
which  were  made  during  many  years  by  the  late  Mr.  Catton  at  the 
Observatory  of  St.  John's  College,  and  which  have  recently  been 
reduced  under  the  superintendence  of  the  Astronomer  Royal,  render 
it  a  matter  of  some  importance  to  determine  the  exact  geographical 
position  of  that  Observatory.  The  simplest  and  most  accurate  means 
of  doing  this  appeared  to  be,  to  connect  it  trigonometrically  with  the 
Cambridge  Observatory.  For  this  purpose,  a  base  was  measured 
along  the  ridge  of  the  roof  of  King's  College  Chapel,  by  means  of  two 
deal  rods  terminated  by  brass  studs,  the  exact  lengths  of  which  were 
determined  by  comparison  with  a  standard  belonging  to  Professor 
Miller.  The  extremities  of  the  base  were  then  connected  by  a  tri- 
angle, with  a  station  on  the  roof  of  the  Observatory  at  St.  John's, 
from  which,  as  well  as  from  the  two  former  points,  a  signal  post  on 
the  roof  of  the  Cambridge  Observatory  could  be  seen.  The  angles 
at  the  extremities  of  the  base,  combined  with  the  corresponding  ones 
at  the  station  at  St.  John's,  furnished  two  determinations  of  the 


4^2  Cambridge  Philosophical  Society. 

distance  of  the  Cambridge  Observatory,  which  served  to  check  one 
another.  The  meridian  Hne  of  the  transit  instrument  at  St.  John's 
passes  through  King's  College  Chapel,  so  that  by  observing  the  point 
at  which  it  intersected  the  base,  the  azimuths  of  the  sides  of  the 
triangles  could  be  immediately  found. 

The  result  thus  obtained  is,  that  the  transit  instrument  of  the 
Cambridge  Obser\-atory  is  2313  feet  to  the  north,  and  4770  feet  to 
the  west  of  that  at  St.  John's  College.  Hence  it  follows  that  the 
difference  of  latitude  is  22"*8,  and  the  difference  of  longitude  5"*  10  ; 
and  the  latitude  of  the  Cambridge  Observatory  being  52°  12'  51  "'8, 
and  its  longitude  23"'54  east  of  Greenwich,  we  have  finally  for  the 
geographical  coordinates  of  the  Observatory  of  St.  John's  College, 

Latitude..  52°  12'  29"-0 

Longitude     0°    0'  28"- 64  E.  of  Greenwich. 

These  operations,  of  course,  furnish  incidentally,  a  very  exact 
determination  of  the  orientation  of  King's  College  Chapel.  The  line 
of  the  ridge  of  the  roof  points  6'  20'"3  to  the  north  of  east. 

Nov.  22. — Professor  Challis  made  a  communication  on  the  recent 
return  of  Biela's  Double  Comet. 

Dec.  6. — Professor  Stokes  gave  an  account  of  M.  de  Senarmont's 
Researches  relating  to  the  Doubly-refracting  Properties  of  Isomor- 
phous  Substances. 

Feb.  7,  1853. — An  addition  was  read  to  a  paper  by  Professor 
De  Morgan  on  the  Symbols  of  Logic,  the  Theory  of  Syllogism,  &c. 

A  paper  was  read  by  Mr.  Denison  on  some  Recent  Improvements 
in  Clock  Escapements. 

The  object  of  this  paper  was  to  explain  the  construction  of  a  new 
remontoire  or  gravity  escapement  invented  by  the  author,  which  has 
now  been  in  action  for  some  time  on  the  pendulum  of  the  great 
clock  for  the  houses  of  parliament,  and  is  in  course  of  application  to 
others,  both  turret  clocks  and  astronomical. 

But  by  way  of  introduction  to  this,  which  may  be  called  the  three- 
legged  gravity  escapement  (from  the  form  of  the  scape- wheel),  Mr. 
Denison  gave  a  description  of  another,  which  would  similarly  be 
called  the  three-legged  dead  escapement,  and  had  been  previously  in- 
vented by  him  for  the  purpose  of  giving  the  impulse  to  the  pendu- 
lum with  far  less  friction  than  usual.  He  found  that  it  required  only 
^th  of  the  force  which  a  common  dead  escapement  had  required  to 
make  the  pendulum  swing  the  same  arc.  And  therefore,  as  com- 
pared with  a  gravity  escapement  in  which  there  is  no  sensible  fric- 
tion on  the  pendulum,  there  must  be  still  more  than  jths  of  the 
force  in  a  common  dead  escapement  wasted,  in  first  producing  fric- 
tion on  the  pendulum,  and  then  overcoming  it  by  an  increased  im- 
pulse. The  time  of  the  pendulum  would  be  much  more  disturbed 
than  it  is  by  the  inevitable  variations  of  this  large  amount  of  friction, 
as  well  as  that  of  the  clock  train,  but  for  a  fortunate  tendency  of  the 
different  errors,  which  are  caused  by  these  variations  of  force  and 
friction,  to  correct  each  other. 
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But  the  amount  of  this  self-correction  is  uncertain,  and  some- 
times one  set  of  errors  preponderates  and  sometimes  the  other ;  and 
so  a  dead  escapement  clock  sometimes  gains  and  sometimes  loses 
simultaneously  with  either  an  increase  or  a  decrease  of  the  arc  of 
vibration.  And,  consequently,  none  of  the  contrivances  for  iso- 
chrouizing  a  pendulum  for  diiferent  arcs  can  secure  isochronism  of 
the  clock ;  and  no  further  material  improvement  in  clocks  can  be 
expected,  but  from  the  solution  of  what  has  long  been  known  as  the 
great  problem  of  clock-making,  viz.  the  invention  of  a  simple  escape- 
ment which  will  give  a  constant  impulse  to  the  pendulum  without 
any  sensible  friction. 

Mr.  Denison  showed  that  his  new  gravity  escapement  satisfies  all 
the  requisite  conditions,  mechanical,  mathematical,  and  ceconomical. 
Its  principal  features  are,  that  the  scape-wheel  has  only  three  pins, 
not  far  from  the  centre,  which  lift  the  pallets  or  gravity-arms,  and 
three  long  teeth  which  are  locked  by  stops  on  the  arms.  The  velo- 
city of  the  scape-wheel,  which  usually  produces  tripping,  if  the  force 
of  the  train  is  increased  beyond  what  is  just  enough  to  lift  the  arms, 
is  moderated  by  a  fan-fl}"^  set  on  the  axis  of  the  scape-wheel.  The 
arms  are  necessarily  longer  in  this  than  in  any  other  gravity  escape- 
ment, and  this  also  gives  a  greater  depth  of  locking  within  a  given 
angle,  and  therefore  a  still  further  security  against  tripping.  And  if 
an  arm  is  by  accident  lifted  a  little  too  high,  the  tooth  does  not 
escape,  and  the  arm  falls  down  again  to  its  proper  height  until  the 
pendulum  carries  it  off,  the  pressure  of  the  long  teeth  on  the  stops 
not  being  enough  to  hold  it  up.  For  these  reasons  also  there  is  no 
difficulty  in  satisfying  the  mathematical  condition  investigated  by 
Mr.  Denison  in  a  paper  read  before  the  Society  in  1848,  viz.  that  y 
(the  angle  at  which  the  pendulum  leaves  one  arm  and  takes  up  the 

other)  should  :=— p— ,  or  at  any  rate  not  be  less  than  —  (a  being  the 

extreme  arc  of  vibration).  The  escapement  requires  no  oil  in  the 
parts  affecting  the  ])endulum  ;  and  it  contains  no  delicate  work,  and 
is  very  easy  to  make  ;  and  as  a  highly'  finished  train  will  be  no 
longer  necessary,  astronomical  clocks  may  be  made  on  this  plan  much 
cheaper,  as  well  as  better,  than  heretofore. 

In  tuiTet  clocks  an  escapement  of  this  kind  supersedes  the 
necessity  for  a  remontoire  in  the  train  to  equalize  the  force  on  the 
scape-wheel,  and  also  of  long  and  heavy  pendulums,  which  are  expen- 
sive when  compensated,  and  are  sometimes  difficult  to  fix.  It  will 
also  allow  cast-iron  wheels  to  be  used  throughout  the  clock  (which 
Mr.  Dent  has  now  used  for  several  years  in  connexion  with  Mr. 
Denison's  spring  remontoire  for  the  train),  as  the  friction  of  the  train 
can  no  longer  affect  the  pendulum. 

Feb.  21. — Professor  Challis  gave  a  Lecture  o£i  Halos,  Parhelia, 
and  Paraselense. 

March  7. — Professor  Stokes  gave  an  account  of  some  further 
researches  relating  to  the  Change  of  Refrangibility  of  Light. 


^.-G-i  Royal  Society. 

April  11. — The  llcv.  Air.  Pritch;ud,  F.11.8.,  gave  au  account  of 
the  Processes  requisite  to  render  Quicksilver  tremorless  for  Astro- 
nomical Observation. 

The  great  improvements  recently  introduced,  and  especially  by 
the  present  Astronomer  Royal,  in  the  construction  and  methods  of 
using  astronomical  instruments,  require  a  far  more  extended  use  of 
reflexion  from  mercury  than  heretofore.  Unfortunately,  however, 
both  the  convenience  and  the  accuracy  of  these  methods  have  been 
greatly  limited  and  impaired  by  the  tremors  to  which  mercury  is 
liable.  Many  attempts  have  been  made  both  in  France  and  in  Ger- 
mau)''  to  remove  or  obviate  tliese  tremors,  but  hitherto  by  no  means  . 
with  perfect  success.  The  Rev.  C.  Pritchard,  of  Clapham  near 
London,  has  proposed  a  method  which  appears  fully  adequate  to  the 
requirements  of  astronomy.  It  consists  in  the  adoption  of  a  silver- 
plated  or  amalgamated  copper  vessel  of  a  peculiar  form,  admitting 
the  use  of  a  very  thin  stratum  of  mercury  without  the  necessity  of 
an  inconvenient  amount  of  shallowness  in  the  vessel  itself.  Mercury, 
however,  placed  in  an  amalgamated  vessel  after  a  short  time  becomes 
covered  with  a  singular  lihn  of  amalgam,  which  impairs  the  reflect- 
ing power  of  the  surface,  and  if  at  all  agitated,  soon  entirely  destroys 
it.  And  this  is  the  case  even  when  the  vessel  is  made  of  amalga- 
mated platina.  The  most  important,  and  by  far  the  most  difficult 
part  of  Mr.  Pritchard's  experiments,  consisted  in  the  invention  of  a 
method  by  which  these  films  can  be  easily  and  practically  removed. 
The  details,  many  of  which  are  curious  and  interesting,  would  here 
occupy  too  much  space,  but  they  are  fully  explained  in  a  memoir 
recently  read  to  the  Royal  Astronomical  Society  of  London  ;  and  it 
may  be  added,  that  the  process  has  been  adopted  at  the  Royal  Obser- 
vatory at  Greenwich,  and  is  now  in  progress  of  trial  at  the  Observa- 
tories of  Paris  and  Cambridge. 
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March  3,  18.53. — A  paper  was  read,  entitled  "  On  the  Meteorology 
of  the  English  Lake  District  (Sixth  paper,  for  1852)."  By  John  F. 
Miller,  Esq.,  F.R.S.  &c. 

This  paper  contains  records  of  the  meteorology  of  the  Lake  district, 
similar  to  those  of  former  years  which  have  been  communicated  by 
the  author.  These  are  given  in  tables : — Table  I.  is  a  Synopsis  of 
the  fall  of  Rain  in  the  Lake  district  of  Cumberland  and  Westmore- 
land in  the  year  1852.  Table  II.  Wet  days  (the  number  in  each 
month  and  the  whole  year  at  each  station).  Table  III.  The  quantity 
of  Pvain  received  by  the  mountain  gauges  in  the  year  1852  (for  each 
month).  Table  IV.  The  quantity  of  Rain  for  the  summer  months 
(May  to  October).  Table  V.  For  the  winter  months  (November  to 
April).  Table  VI.  Temperature  (max.  min.  approximate  mean)  at 
Seathwaite,  Borrowdale,  368  feet  above  the  sea- level  (for  each  month 
and  for  the  year).    Table  VII.  Temperature  at  Whitehaven.    Table 
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VIII.  .Miuimum  temperature  of  each  month,  on  Sea  Fell  Pike  and 
Gabel,  and  at  Sprinkling  Tarn,  from  July  1851  to  December  1852 
inclusive.  Table  IX.  Monthly  hygrometrical  observations  taken  at 
the  mountain  stations  adjacent  to  the  Vale  of  Wastdale,  in  the  year 
1852.  Table  X.  Deductions  relative  to  the  humidity  of  the  atmo- 
.sphere  at  the  mountain  stations  in  1852.  Tables  XI.,  XII.,  XIII., 
XIV.  contain  hygrometrical  observations  made  at  various  stations  in 
April  and  July  1848,  and  in  December  1850  and  July  1851. 

In  the  remarks  which  follow  the  tables,  the  author  states  that  the 
past  year  is  distinguished  by  several  marked  peculiarities,  of  which 
the  most  prominent  are — the  very  large  amount  of  rain  and  its  very 
unequal  distribution  over  the  different  seasons ;  the  enormous  and 
unprecedented  fall  in  the  first  two  and  last  two  months  ;  and  the  pro* 
tracted  drought  of  ten  weeks  in  the  spring,  the  longest,  though  not 
the  most  severe  which  has  occurred  in  the  northern  counties  within 
the  memory  of  the  existing  generation.  The  year  is  further  re- 
markable for  its  high  temperature  ;  the  large  amount  of  surface  eva- 
poration ;  the  great  heat  of  July  and  August ;  the  great  quantity  of 
free  electricity,  as  manifested  by  the  unusual  number  and  almost 
tropical  severity  of  the  thunder-storms;  the  small  number  of  frosty 
nights,  and  the  entire  absence  of  snow  ;  and,  lastly,  for  the  violent 
gales  of  wind  which  prevailed  during  the  last  week  of  December, 
])articularly  the  hurricane  on  the  morning  of  Christmas-day.  After 
the  discussion  of  these  irregularities,  tables  are  given  showing  the 
excess  or  deficiency  per  cent,  of  the  principal  mountain  gauges  over 
or  under  the  quantitjf  of  rain  received  by  the  adjacent  valleys,  both 
in  the  summer  and  winter  months,  in  each  year  since  the  instruments 
were  erected  in  1846.  The  remainder  of  the  paper  is  occupied  with 
details  referring  to  the  temperature  and  the  hygrometrical  observa- 
tions at  the  mountain  stations. 

March  10. — The  following  letter,  addressed  to  Michael  Faraday, 
Esq.,  and  by  him  communicated  to  the  Society,  was  read : — 

Dunse  (N.  Britain),  March  1,  18.53. 
Dear  Siu, — In  the  report  in  the  Athenaeum  of  your  lecture  at  the 
Royal  Institution  on  the  21st  of  January,  I  observe  that  you  refer  to 
the  highly  interesting  observations  of  Schwabe,  Sabine,  Wolf,  Gautier, 
&c.,  from  which  it  would  a))pear  that  a  connection  exists  between  the 
solar  spots  and  the  variations  of  the  terrestrial  magnetic  forces. 
Since  a  connection  has  been  demonstrated  to  exist  between  the  lat- 
ter and  auroral  jdienomena,  I  was  induced  to  look  over  my  notes 
relating  to  the  auroras  observed  at  this  place,  with  a  view  to  ascer- 
tain whether  tliese  aho  exhibited  maxima  and  minima,  and  if  so, 
whether  the  periods  of  such  agreed  with  those  of  the  solar  spots  and 
of  the  magnetic  variations.  The  subjoined  table  shows  the  distri- 
bution of  the  aurora?  seen  here  in  the  vears  1838  to  1847  inclusive  : 
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j  Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Sum. 

1838 

5 

3 

4  ! 

3 

2 

4 

1 

2 

3 

27 

1839 

9 

1 

2  i 

4 

i 

11 

7 

2 

1 

38 

1840 

5 

5 

2  ' 

4 

3 

7 

6 

6 

5 

43 

1841 

6 

3 

4  1 

4 

2 

3 

3 

3 

7 

7 

42 

1842 

2 

2 

1 

3 

•  •• 

1 

9 

1843 

2 

1 

i 

i 

2 

.*. 

3 

•  •• 
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These  figure.?  speak  for  themselves.  I  may  remark  that  the  re- 
turns for  1842  are  incomplete,  as  I  was  absent  from  home  during 
March  and  April  of  that  year.  In  1848  I  was  also  absent  for  some 
months,  but  from  the  number  of  aurorae  which  I  have  noted  during 
that  year,  I  am  satisfied  that  a  maximum  then  occurred,  both  as  re- 
gards the  number  and  the  intensity  of  auroral  displays.  This  pre- 
sent winter  has  been  very  barren  in  auroral  phenomena. 

Of  crimson  aurorae  I  find  I  have  noted  two  in  1837,  one  in  1839, 
one  in  1846,  three  in  1847,  and  no  less  than  six  in  1848. 

A  discussion  of  the  aurorse  seen  in  North  America  and  the  North 
of  Europe  during  a  series  of  years  would  be  interesting  with  re- 
ference to  the  points  in  question. 

Apologizing  for  troubling  you, 

I  am,  dear  Sir, 
With  the  greatest  respect,  yours  faithfully, 
Wm.  Stevenson. 

The  following  communication  was  likewise  read  : — "  On  the  Re- 
production of  the  Toad  and  Frog  without  the  intermediate  stage  of 
Tadpole."  By  Edward  Joseph  Lowe,  Esq.,  F.G.S.,  F.R.A.S. 
Communicated  by  J.  Lee,  LL.D.,  F.R.S.  &c. 

The  following  brief  remarks  on  the  Toad  {Bvfo  vulgaris)  and  the 
Frog  (Rana  temporaria)  may  perhaps  be  received  M'ith  some  degree 
of  interest,  as  thej'  are,  I  believe,  contrary  to  the  generally  received 
notion  of  the  procreation  of  these  reptiles.  Ray,  and  most  natural- 
ists, at  least,  consider  toads  and  frogs  as  oviparous  animals,  yet  it 
is  apparent  that  they  are  viviparous  as  well,  or  if  they  do  not  bring 
forth  their  young  alive,  have  the  power  of  reproduction  in  a  differ- 
ent manner  to  the  ova  and  subsequent  tadpole. 

Mr.  J.  Higginbottom  of  Nottingham,  who  has  paid  great  atten- 
tion to  this  subject,  has  clearly  j)roved  the  development  of  the  tad- 
pole to  the  perfect  toad  in  situations  wholly  deprived  of  light,  as  I 
have  through  his  kindness  several  times  witnessed.  Mj'  present  re- 
marks are  intended  to  show  that  occasionally  frogs  and  toads  are 
reproduced  in  localities  where  it  Avould  be  impossible  for  the  inter- 
mediate stage  of  tadpole  to  have  any  existence. 
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First.  Toads  deposit  spawn  in  cellars  and  young  toads  are  after- 
wards observed. 

Last  summer  several  masses  of  spawn  were  procured  from  my 
cellar,  having  been  found  deposited  amongst  decaying  potatoes,  &c., 
and  subsequently  young  toads  were  noticed.  The  cellar  is  free 
from  water,  and  at  a  considerable  distance  from  any  brook. 
Secondly.  Young  toads  are  observed  about  hot-beds. 
In  the  kitchen-garden  at  Highfield  House  (which  is  entirely  walled 
round)  5^oung  toads  have  been  noticed  about  the  cucumber-  and 
melon-beds.  The  gardeners  have  been  in  the  habit  of  bringing 
toads  to  these  beds  to  destroy  the  insects ;  these  have  continued 
amongst  the  warm  damp  straw  all  summer.  It  is  after  these  beds 
have  remained  three  or  four  months  that  the  young  ones  have  been 
noticed.  Toads  would  have  to  travel  nearly  half  a  mile  to  reach 
this  garden  from  the  brook  or  lake,  and  also  to  mount  a  steep  hill, 
besides  taking  the  opportunity  of  coming  through  the  door.  Toads 
so  small  are  not  seen  in  any  other  part  of  the  gardens. 

Thirdly.  Young  toads  and  frogs  observed  in  abundance  at  the  sum- 
mit of  another  hill,  whilst  quite  small. 

During  the  past  summer,  especially  in  the  month  of  July,  very 
many  young  toads  and  frogs  were  seen  amongst  the  strawberry 
plants,  apparently  from  a  week  to  a  month  old.  These  might  pos- 
sibly have  travelled  from  the  brook  a  few  hundred  yards  distant ; 
yet  it  is  strange,  that  with  the  exception  of  these  beds,  no  young 
toads  could  be  found  elsewhere  in  the  garden.  A  number  of  full- 
grown  toads  are  mostly  to  be  seen  about  these  beds. 

Fourthly.  Young  frogs  dug  out  of  the  ground  in  the  month  of 
January. 

In  digging  in  the  garden  amongst  the  strawberry-beds  (near 
where  so  many  toads  were  observed  last  summer)  in  the  middle  of 
January  in  the  present  year,  a  nest  of  about  a  score  young  frogs 
were  upturned.  These  were  apparently  three  or  four  weeks  old. 
This  ground  had  been  previously  dug  in  the  month  of  August  and 
many  strawberry  plants  buried ;  it  was  amongst  a  mass  of  these 
plants  in  a  state  of  partial  decomposition  that  these  young  ones  were 
observed. 

Fifthly.  Young  frogs  are  bred  in  cellars  where  there  is  no  water  for 
tadpoles. 

In  mentioning  this  subject  to  Mr.  Joseph  Sidebotham  of  Man- 
chester (an  active  botanist),  he  informed  me  that  young  frogs,  and 
in  fact  frogs  of  au  sizes,  were  to  be  seen  in  his  cellar  amongst  ile- 
caying  dahlia  tubers.  The  smallest  of  them  were  only  about  half 
the  ordinary  size  of  the  young  frog  when  newly  developed  from  the 
tadpole.  He  further  stated  that  there  was  no  water  in  the  cellar, 
and  no  means  of  young  frogs  entering,  except  by  first  coming  into 
the  kitchen,  a  mode  of  entry,  if  not  impossible,  highly  improbable. 
Mr.  Sidebotham  never  found  any  sj)awn. 

It  seems  probable  from  the  above,  that  frogs  are  occasionally 
born  alive  in  situations  where  no  water  can  be  found  for  the  spawn 
to  be  deposited  in,  and  that  toads  are  either  reproduced  in  the  same 
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manner,  or  from  the  a^g  directlj'.  The  latter  mode  seems  most 
likcl)',  owing  to  spawn  having  been  found  ^jreviously  to  the  young 
toads. 

IMr.  Hig-ginbottom  tells  me,  the  same  remark  on  the  birth  of  the 
Triton,  -without  the  stage  of  tadpole,  has  been  mentioned  to  him. 

These  are  the  facts  ;  shoidd  the  subject  be  deemed  worthy  of 
further  investigation,  I  shall  be  glad  to  continue  observations  upon 
these  reptiles  during  the  present  year,  or  to  make  any  experiments 
that  may  be  deemed  advisable. 


LXXIV.  Intelligence  and  Miscellaneous  Articles. 

REMARKS  ON   ELECTRIC  LIGHT.       BY  A.   MASSON. 

^  I  "'HE  researches*  which  have  already  been  made  known  by  the 
-*-       author  lead  to  the  following  results. 

A  barometric  vacuum  offers  a  resistance  to  the  passage  of  electric 
currents  which  increases  with  its  length  ;  this  resistance  is  less  in 
the  partial  vacuum  produced  by  an  air-pump. 

A  ponderable  medium  is  necessary  for  the  production  of  the 
electric  light. 

The  author,  together  with  M.  Breguetf,  has  likewise  succeeded 
in  verifying  most  completely  the  identity  of  the  luminous  phsenomena 
produced  by  induced  currents  and  those  which  are  caused  by  the 
discharge  of  a  condenser.  Tlie  former  have  the  advantage  of  being 
continuous,  the  latter  possess  greater  tension.  Some  recent  ex- 
periments which  they  have  made  serve  to  establish  the  accuracy  of 
these  jDropositions. 

The  impossibility  of  making  the  current  of  a  powerful  inductive 
apparatus  traverse  a  Torricellian  vacuum  three  decimetres  in  length  J, 
can  only  be  attributed  to  the  fact  that  the  electrical  tension  is  in- 
sufficient, since  the  discharge  of  a  very  small  condenser  illuminates 
the  vacuum,  and  the  authors  have  obtained  currents  in  the  vacuum 
of  a  barometer. 

The  following  experiment  made  with  improved  instruments  con- 
structed by  Ruhmkorff  confirms  this  assumption.  The  exhausted 
tube  having  been  placed  between  the  two  poles  of  an  induced  cur- 
rent, the  j)hcenomena  described  in  their  memoir  upon  electrical 
spectres  were  produced ;  the  entire  vacuum  was  filled  with  a  pale 
white  phosphorescent  light. 

The  tube  presented  the  same  appearance  when  perfectly  isolated 
on  being  connected  at  one  end  with  a  single  jiole  of  the  induced 
current.  In  this  case  the  current  is  interrupted,  and  the  discharge 
from  the  opposite  extremity  of  the  tube  must  necessarily  take  place 
into  the  air.  This  curious  fact  is  very  analogous  to  tliose  mentioned 
in  the  author's  memoir  on  induction. 

*  Etudes  de  Photometrie  Electrique,  Ann.  de  Chimie  et  de  Phys.  ser.  .'3. 
vols.  xiv.  XXX.  xxxi. 

t  Meraoire  sur  ITnduction,  A^in.  de  Ch.  et  de  Phys.  ser.  3.  vol.  iv. 
X  Ann.  de  Ch.  et  de  Phys.  ser.  3.  vol.  xx.xi. 
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The  rapid  succession  of  discharges  of  an  induced  current,  which, 
since  the  publication  of  Masson's  researches  on  the  phj^siological 
effects  of  electricity*,  has  been  so  successfully  applied  in  the  treat- 
ment of  paralysis,  the  continuity  of  the  effects  obtained  by  means  of 
induced  currents,  render  it  a  very  desirable  object  to  increase  the 
tension  of  these  currents,  and  the  results  already  obtained  in  this 
direction  by  M.  Ruhmkorft^  justify  the  opinion  that  the  electrical 
machines  now  in  use  will  be  superseded  by  an  apparatus  of  induc- 
tion. 

In  order  to  increase  the  jjower  of  such  an  apparatus,  the  authors 
have  attempted  to  make  the  induced  current  of  two  coils  traverse 
the  same  wire  ;  the  primary  cun-ents  were  kept  apart  and  inter- 
rupted at  the  same  instant. 

When  both  the  induced  currents  were  in  the  same  direction,  the 
luminous  phrenomena  in  the  vacuum  indicated  that  the  action  of  the 
combined  currents  was  greater  than  that  of  a  single  current,  but  the 
increase  of  the  action  was  not  such  as  had  been  anticipated. 

When  the  two  currents  traversed  the  same  wire  in  opposite  di- 
rections, they  did  not  exercise  any  mutual  influence  on  each  other, 
and  the  results  observed  are  not  unimportant.  The  two  balls  form- 
ing the  poles  in  the  vacuum  were  surrounded,  as  well  as  their  sup- 
ports, by  the  violet-blue  atmosphere,  previously  described  by  the 
author  and  M.  Breguetf .  The  two  poles  were  of  the  same  sub- 
stance, and  between  them  was  a  reddish  flame  which  disappeared 
when  the  balls  were  brought  nearer  together ;  at  a  distance  of  4  or  5 
centimetres  the  space  between  the  poles  is  perfectly  dark,  although 
they  were  surrounded  by  their  luminous  atmospheres.  The  lumi- 
nous pha?nomena  appeared  to  be  more  intense  than  in  the  former 
experiment. — Comptes  Rendus,  February  1853. 


ON  THE  PERMEABILITY  OF  METALS  TO  MERCURY. 
BY  J.  NICKLES. 

In  an  interesting  memoir  on  the  permeability  of  metals  to  mer- 
cury, by  Prof.  Ilorsford,  this  author  establishes  the  fact  of  the  per- 
meability of  tin,  lead,  gold,  silver,  zinc  and  cadmium,  and  contests 
that  of  copper  and  brass. 

The  negative  results  which  this  chemist  has  obtained  with  copper 
and  brass  have  evidently  proceeded  from  the  process  which  he  has 
followed ;  for  some  time  since,  while  engaged  in  my  researches  on 
magnetization,  I  observed  positive  facts  to  the  contrary.  I  was 
using  at  tliis  tini^  a  Bunsen's  battery  with  zinc  exterior.  The  con- 
necting pieces  of  copper  were  riveted  to  the  zinc,  and  on  amalga- 
mating the  latter  metal,  it  often  happened  that  the  mercury  spread 
itself  over  the  copper  in  contact  with  the  zinc;  and  after  a  certain 
time  the  metal  of  the  connecting  pieces  became  brittle,  and  had  on 

*  Theoric  dc  Phenomenes  ElectrodjTiamiques,  Ann.  ile  Ch.  et  de  Phys. 
ser.  2.  vol.  Ixvi. 
t  Memoirs  sur  V Induction, 
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breaking  a  white  colour.  It  was  obviously  no  longer  copper,  but 
an  amalgam  of  tliis  metal. 

This  fact  had  too  important  a  bearing  on  the  amalgamation  of 
zinc,  which  occupied  me  at  that  time,  to  be  allowed  to  jrass  without 
examination.  The  experiments  which  I  made  on  this  subject  led  to 
the  general  conclusion,  that  the  metals  which  absorb  mercury  are 
permeable  by  it,  and  communicate  this  property  to  the  alloys  which 
contain  a  certain  proportion  of  permeable  metal.  The  metals  on 
which  I  have  operated  are  zinc,  iron,  cadmium,  tin,  copper,  lead, 
antimony,  silver,  gold  and  platinum.  The  manner  of  experimenting 
was  suggested  by  the  fact  which  had  led  to  the  researches.  With  a 
stylet  I  traced  a  line  or  furrow  on  the  plate  under  experiment,  and 
placed  a  little  mercury  in  this  furrow.  In  order  to  hasten  the  amal- 
gamation, I  introduced  before  the  mercury  a  drop  of  bichloride  of 
mercury  acidified  with  hydrochloric  acid.  By  this  means  the  amal- 
gamation takes  place  instantly,  and  the  surface  is  fitted  to  retain  at 
once  the  quantity  of  mercury  necessary  for  the  effect  I  wished  to 
produce. 

A  plate  of  zinc,  a  millimetre  thick,  is  immediately  attacked,  and 
at  the  end  of  a  minute  it  is  cut  in  two  in  the  direction  of  the  furrow. 
A  thicker  plate  requires  more  time  and  a  deeper  scratch  on  its  sur- 
face;  with  a  thickness  of  6  millims.  the  plate  took  ten  minutes  and 
a  little  effort  to  break  it ;  but  in  all  cases  the  fracture  was  neat  and 
in  the  direction  of  the  scratch  or  furrow. 

After  zinc  comes  cadmium  and  tin,  then  lead,  silver,  gold,  and 
finally  copper.  All  of  these  metals  become  amalgamated  ;  the  mer- 
cury infiltrates  after  a  time  more  or  less  long,  and  renders  them 
brittle.  No  permeability  has  been  detected  in  iron,  antimony  and 
platinum,  and  these  metals  form  no  amalgam.  Daniell  found  a 
bar  of  platinum  free  from  mercury,  that  had  been  for  six  years  in 
contact  with  it,  and  to  this  time  no  amalgam  of  iron  has  been  reported. 

There  exists,  it  is  true,  an  amalgam  of  antimony ;  but,  according 
to  Wallerius,  when  this  amalgam,  of  a  pasty  consistence,  is  triturated 
in  the  air,  or  when  agitated  with  water,  it  lose,  its  antimony  in  the 
form  of  a  black  powder*. 

As  to  the  action  of  mercury  on  metals,  this  fact  at  least  is  esta- 
blished,— the  resistance  of  some  to  amalgamation  and  the  easy  amal- 
gamation of  others.  We  have  also  shown  that  the  permeability 
takes  the  same  direction,  and  we  may  conclude  therefore  that  the 
alloys  will  participate  in  these  qualities  in  the  order  of  their  com- 
position. In  fact,  a  plate  of  bronze  5  millims.  thick  may  be  cut  in 
two  by  mercury  after  ten  minutes  of  contact,  and  a  plate  ^  a  millim. 
thick  yields  instantaneously.  On  amalgamating  a  strip  of  brass,  it 
may  after  a  few  minutes  be  reduced  to  fragments  between  the  thumb 
and  finger.  A  plate  of  4  millims.  required  ten  minutes  to  cut  it  in 
two.  An  alloy,  formed  of  equal  parts  of  antimony  and  tin,  did  not 
appear  to  be  impressed  by  the  mercury.    Chaudet's  alloy  (3  or  4  per 

*  It  should  be  borne  in  mind,  in  connexion  with  this  subject,  that  mercury 
also  is  reduced  to  a  black  powder  by  agitation  in  the  air. 
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cent,  of  antimony  and  96  to  97  of  tin),  very  elastic  in  its  pure  state, 
amalgamates  instantly,  and  is  easily  cut  off. 

It  is  here  seen,  that  if  the  permeability  of  brass  and  copper  for 
mercury  is  not  established  by  the  process,  based  on  capillarity,  fol- 
lowed by  Prof.  Horsford,  we  may  still  make  this  property  evident 
by  an  inverse  course,  that  is  by  inducing  infiltration. 

As  these  experiments  were  made  only  incidentally,  and  were  not 
intended  to  be  published,  I  have  not  attempted  to  give  them  pre- 
cision. Nevertheless  the  facts  which  have  been  mentioned  above 
are  well  established,  for  I  have  been  accustomed  to  use  this  process 
for  dividing  plates  of  zinc  or  sheets  of  brass  in  my  experiments  on 
electro-magnetism. — Silliman's  Journal,  January  1853. 


METEOROLOGICAL  OBSERVATIONS  FOR  APRIL  1853. 

Chiswick. — April  1.  Rather  boisterous  :  fine.  2.  Cloudy :  fine :  hazy.  3.  Over- 
cast :  showery.  4.  Cloudy  -.  ytxy  fine  :  rain.  5.  Densely  overcast :  rain  :  clear. 
6.  Overcast  throughout.  7.  Overcast :  very  fine  :  clear.  8.  Fine  :  heavy  thunder- 
storm :  clear  at  night  frosty.  9.  Clear  :  fine,  but  cold  :  overcast.  10.  Overcast. 
11.  Overcast:  fine:  overcast.  12.  Clear  :  fine  :  overcast.  13.  Cloudy  and  cold  : 
rain:  clear:  sharp  frost  at  night.  14.  Cloudy.  15,  16.  Overcast  throughout. 
17.  Fine:  overcast.  18.  Very  fine.  19.  Cloudy:  rain.  20.  Low  white  clouds 
and  cold.  21.  Rain.  22.  Constant  rain.  23.  Fine.  24.  Heavy  rain.  25.  Snow 
early  A.M.,  boisterous,  with  rain.  26.  Fine.  27.  Hoar-frost :  very  fine.  28.  Light 
haze  :  fine.     29.  Cold  rain.     30.  Overcast :  very  fine. 

Mean  temperature  of  the  month  44°"93 

Mean  temperature  of  April  1852       44  '81 

Mean  temperature  of  April  for  the  last  twenty-seven  years  .  47  "21 
Average  amount  of  rain  in  April       l'65inch. 

Boston. — April  1.  Fine:  rain  a.m.  2.  Fine:  rain  p.m.  3.  Cloudy :  rain  p.m. 
4.  Cloudy :  rain  A.M.  and  P.M.  5.  Cloudy.  6.  Cloudy:  rain  p.m.  7.  Fine.  8. 
Cloudy :  rain  and  hail  A.M.  and  P.M.  9.  Fine.  10,11.  Cloudy.  12.  Fine.  13. 
Cloudy  :  rain  a.m.  14 — 18.  Cloudy.  19.  Cloudy :  rain  p.m.  20.  Cloudy :  rain  a.m. 
21.  Cloudy.  22.  Cloudy  :  rain  a.m.  23.  Fine.  24.  Fine:  hail  a.m.  25.  Rain  : 
rain  A.M.  and  p.m.  26.  Fine.  27.  Fine:  rain  a.m.  28.  Fine.  29.  Cloudy: 
rain  p.m.     30.  Cloudy. 

Sandivick  Manse,  Orkney. — April  1.  Drizzle  .\.m  :  rain  p.m.  2.  Damp  a.m. 
and  p.m.  3.  Showers  a.m.  :  damp  p.m.  4.  Hazy  a.m.  :  showers  p.m.  5.  Showers 
a.m.  :  cloudy,  S.  aurora  p.m.  6.  Rain  .\.m.  :  sliowers,  S.  aurora  p.m.  7.  Showers 
A.M. :  showers,  S.  aurora  p.m.  8.  Hail-showers  a.m.  and  p.m.  9.  Clear  a.m.  : 
rain  p.m.  10.  Showers  a.m.:  rain  p.m.  11.  Bright  a.m.  :  cloudy  p.m.  12. 
Showers  a.m.  :  clear  p.m.  13.  Drops  .v.m.  and  p.m.  14.  Clear  a.m.  :  cloudy  p.m. 
15,16.  Drops  A.M.  and  p.m.  17.  Bright  a.m.  :  drops  p.m.  18.  Showers  .\.m.  : 
drops  P.M.  19.  Drops  a.m.  :  rain  p.m.  20.  Clear  .a..m.  :  clear,  fine,  aurora  p.m. 
21.  Hoar-frost  a.m.  :  clear,  fine,  aurora  p.m.  22.  Bright  .v.m.  :  hazy,  large  halo  p.m. 
23.  Showers  a.m.  :  drops  p.m.  24.  Bright  a.m.  :  sleet-showers  p.m.  25.  Sleet- 
showers  A.M. :  hail-showers  p.m.  26.  Bright  am.  :  clear  p.m.  27.  Showers  a.m.  : 
drops  P.M.  28.  Clear  a.m.  :  showers  p.m.  29.  Bright  a.m.  :  clear  p.m.  30. 
Cloudy  a.m.  :  clear  p.m. 

Mean  temperature  of  April  for  twenty-six  previous  years    ...  43°"44 

Meai  temperature  of  April  1852  .'... 47  "64 

Mean  temperature  of  this  month      44  "49 

Average  quantity  of  rain  in  April  for  seven  previous  years    .      1"73  inch. 
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LXXV.  Researches  upon  the  Specific  Heat  of  Elastic  Fluids*. 
By  M.  V.  Regnault. 

FOR  more  than  twelve  years  I  have  been  occupied  in  col- 
lecting the  data  necessary  for  the  solution  of  the  following 
problem : — 

\Miat  is  theoretically  the  motive  power  which  may  be  ob- 
tained from  a  given  quantity  of  heat  by  applying  it  to  the  deve- 
lopment and  dilatation  of  various  elastic  fluids  under  the  various 
conditions  which  are  practically  realizable  ? 

The  complete  solution  of  this  problem  should  furnish  not 
merely  the  true  theory  of  the  steam-engines  used  at  the  present 
day,  but  likewise  that  of  machines  in  which  the  vapour  of  water 
may  be  replaced  by  another  vapour,  or  even  by  a  permanently 
elastic  fluid  whose  elasticity  is  augmented  by  heat. 

At  the  time  when  I  entered  upon  these  researches,  the  ques- 
tion appeared  to  me  more  simple  than  it  does  at  present.  Adopt- 
ing the  views  then  recognised  in  science,  it  was  easy  to  define 
precisely  the  various  data  upon  which  it  rested ;  and  I  pictured 
to  myself  the  methods  by  the  aid  of  which  I  hoped  to  be  able 
successively  to  discover  the  laws  and  determine  the  numerical 
data.  But,  as  is  usually  the  case  in  sciences  of  observation,  in 
proportion  as  I  advanced  in  my  studies,  the  subject  continually 
expanded ;  the  questions  which  in  the  first  instance  appeared  ro 
be  very  simple,  now  present  a  considerable  degree  of  complexity ; 
and  perhaps  I  should  not  have  had  the  courage  to  enter  upon 
the  investigation  of  the  subject,  if  I  had  from  the  first  perceived 
all  the  difliculties  with  which  it  is  encompassed. 

Until  very  recently  it  was  admitted  that  the  quantities  of  heat 
disengaged  or  absorbed  by  any  one  elastic  fluid  were  always  equal 
when  that  fluid  passed  from  a  particular  initial  state  to  an  iden- 
tical final  state,  whatever  might  be  the  direction  in  which  the 
transition  took  place  ;    in  short,  it  was  considered  that  these 

*  From  the  Comptes  Rendus,  April  ISth,  1H53. 
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quantities  of  heat  were  dependent  only  on  the  initial  and  final 
conditions  of  temperature  and  of  pressure,  and  that  they  were 
independent  of  the  intermediate  circumstances  through  which 
the  lluid  had  passed.  In  1824,  Carnot  published,  under  the 
title  of  Reflexions  sur  la  Puissance  Motrice  du  Feu,  a  work  which 
did  not  in  the  first  instance  attract  much  attention,  and  in  which 
he  assumed  as  a  principle  that  the  motive  power  produced  in  a 
steam-engine  is  due  to  the  passage  of  heat  from  its  source  to  the 
colder  condenser  by  which  it  is  finally  collected.  M.  Clapeyron 
has  developed  the  hypothesis  of  Carnot  mathematically,  and  he 
has  shown  that  the  quantities  of  heat  gained  or  lost  by  zny  one 
gas  does  not  depend  solely  upon  its  initial  state  and  its  final 
state,  but  Ukewise  upon  the  intermediate  states  through  which 
it  passes. 

Within  the  last  few  years,  the  mechanical  theory  of  heat  has 
met  ■v^■ith  more  favourable  consideration,  and  at  the  present 
moment  occupies  the  attention  of  a  great  number  of  mathemati- 
cians. But  an  impoitant  modification  has  been  made  in  the 
principle  of  Carnot ;  it  has  been  assumed  that  heat  may  be  con- 
verted into  mechanical  work,  and  reciprocally  that  mechanical 
work  may  be  converted  into  heat.  According  to  Carnot's  theory, 
the  quantity  of  heat  possessed  by  the  elastic  fluid  at  its  entrance 
into  the  steam-engine  is  found  undiminished  in  the  elastic  fluid 
which  is  discharged  from  it,  or  in  the  condenser ;  the  mechanical 
work  being  produced  solely  by  the  passage  of  heat  from  the 
boiler  to  the  condenser  in  traversing  the  engine.  According  to 
the  new  theory,  the  whole  of  this  quantity  of  heat  does  not 
remain  in  the  state  of  heat ;  a  portion  of  it  disappears  during 
the  passage  through  the  engine,  and  the  motive  work  produced 
is  in  all  cases  proportional  to  the  quantity  of  heat  lost.  Thus  in  a 
steam-engine,  with  or  without  condensation,  working  or  not  work- 
ing expansively,  the  mechanical  work  is  proportional  to  the  difi"er- 
ence  between  the  quantity  of  heat  which  the  vapour  possesses  at 
its  entrance  into  the  engine,  and  that  which  it  possesses  at  its 
discharge,  or  at  the  moment  when  it  is  condensed.  According 
to  this  theory,  to  obtain  from  the  same  quantity  of  heat  the 
maximum  mechanical  eff"ect,  an  arrangement  should  be  adopted 
in  which  that  loss  of  heat  should  be  as  great  as  possible,  that  is 
to  say,  the  elastic  force  which  the  vapour  retains  at  the  moment 
when  it  enters  the  condenser  should  be  as  small  as  possible. 
But  in  every  case  referring  to  the  steam-engine,  the  quantity  of 
heat  rendered  available  for  the  mechanical  eff'ect  would  only  be 
a  verj-  small  fraction  of  that  which  it  is  necessary  to  communi- 
cate to  the  boiler.  In  a  high-pressure  engine  without  a  condenser, 
into  which  the  vapour  enters  under  a  pressure  of  five  atmospheres 
and  escapes  under  the  ordinary  atmospheric  pressure,  the  quan- 
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tity  of  heat  possessed  by  the  vapour  at  its  entrance  is,  according 
to  my  experiments,  about  653  units ;  that  which  it  retains  at  its 
escape  amounts  to  637.  According  to  the  theory  of  which  I  am 
speaking,  the  quantity  of  heat  rendered  available  for  mecha- 
nical work  would  be  653  —  637  =  16  units,  that  is  to  say,  only 
^\yth  of  the  quantity  of  heat  communicated  to  the  boiler.  In  a 
condensing  engine,  receiving  vapour  of  maximum  density  under 
a  pressure  of  five  atmospheres,  and  in  which  the  condenser  con- 
stantly presents  an  elastic  force  of  55  millims.  of  mercury,  the 
quantity  of  heat  of  the  vapour  entering  would  be  653  units,  and 
that  of  the  vapour  at  the  moment  of  condensation,  that  is  to  say, 
when  it  is  lost  for  the  mechanical  action,  is  619  units.  The  heat 
rendered  available  would  be  3^;  units,  or  little  more  than  ^'^th 
of  the  heat  communicated  to  the  boiler. 

A  much  larger  fraction  would  be  obtained  for  the  heat  ren- 
dered available  as  mechanical  work,  either  by  overheating  the 
vapour  before  it  entered  the  engine,  or  by  lowering  as  much  as 
possible  the  temperature  of  the  condenser.  But  this  latter 
method  is  difficult  to  realize  in  practice ;  it  would  require,  more- 
over, a  considerable  increase  in  the  quantity  of  cold  water  by 
which  the  condensation  is  efi'ected,  which  would  waste  the  motive 
power,  and  the  water  used  to  feed  the  boiler  would  not  be  very 
warm.  The  same  object  might  be  more  easily  attained  by  sub- 
jecting the  vapour  to  a  lower  pressure,  and  then  condensing  this 
vapour  by  injecting  a  very  volatile  hquid,  such  as  chloroform  or 
?ether.  The  heat  possessed  by  the  water-vapour  at  the  moment 
of  this  condensation,  of  which  a  very  small  quantity  only  could 
be  converted  into  mechanical  work,  passes  into  the  volatile 
liquid,  which  it  converts  into  high-pressure  vapour.  By  making 
this  vapour  pass  into  a  second  engine,  where  it  expands  until  its 
elastic  force  is  equal  to  that  to  which  the  injected  water  might 
practically  bring  it  in  the  condenser,  one  portion  of  the  heat  is 
converted  into  motive  work;  and  the  theory  based  upon  the 
numerical  data  of  my  experiments  shows  that  this  quantity  is 
much  greater  than  that  which  should  be  obtained  by  means  of  a 
more  considerable  pressure  of  the  water-vapour  in  the  first  engine. 
In  this  manner  a  perfect  explanation  may  be  given  of  the  oeco- 
nomie  result  obtained  by  employing  two  connected  engines,  the 
one  worked  by  water-vapour,  the  other  by  vapour  of  fether  or 
chloroform,  and  with  which  experiments  have  been  made  for 
some  time. 

In  air-machines,  where  the  motive  force  is  produced  by  the 
expansion  of  the  air  in  the  machine  by  heat,  or  by  the  increase 
in  its  elastic  force,  the  motive  work  produced  at  each  stroke  of 
the  piston  should  always  be  proportional  to  the  difference  be- 
tween the  quantities  of  heat  possessed  bv  the  air  on  entering  and 
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escaping  from  the  engine,  that  is  to  say,  in  short,  equal  to  the 
loss  of  heat  by  the  air  in  traversing  the  engine.  But  as,  ac- 
cording to  Ericson's  system,  the  heat  which  the  air  possesses 
at  the  time  of  its  escape  is  deposited  in  the  substances  from 
which  the  fresh  air  in  entering  abstracts  it  in  order  to  convey  it 
back  again  into  the  engine,  it  is  evident  that,  theoretically 
speaking,  in  these  latter  engines  all  the  heat  is  rendered  available 
for  the  mechanical  work ;  while  in  the  best  constructed  engines 
worked  by  water-vapour  the  heat  rendered  available  for  mecha- 
nical work  does  not  amount  to  2  n*^  ^^  ^^^^  generated.  It  must,  ^ 
however,  be  remembered  that  I  do  not  here  take  into  considera- 
tion the  exterior  losses,  such  as  mechanical  or  industrial  obstacles, 
which  may  present  themselves  in  practice. 

MM.  Joule,  Thomson,  and  Rankine  in  England,  MM.  Mayer 
and  Clausius  in  Germany,  setting  out  from  diiferent  points  of 
view,  have  developed  mathematically  the  mechanical  theory  of 
heat,  and  they  have  endeavoured  to  deduce  from  it  the  laws  of 
all  phfenomena  relating  to  all  elastic  fluids.  I  have,  for  my  own 
part,  long  put  forward  in  my  lectures  analogous  views,  to  which 
I  have  been  led  by  my  experimental  researches  upon  elastic 
fluids.  In  the  course  of  those  researches,  I  have  encountered 
indeed  at  every  step  anomalies  which  appeai-ed  to  me  inexplicable 
in  accordance  with  the  theories  formerly  recognised.  For  the 
sake  of  illustration  I  will  quote  some  of  the  most  simple  in- 
stances : — 

First  Example. — 1,  A  mass  of  gas  under  a  pressure  of  10 
atmospheres  is  contained  in  a  space  which  is  suddenly  doubled  ; 
the  pressure  falls  to  5  atmospheres. 

2.  Two  reservoirs  of  equal  capacity  are  placed  in  a  calorimeter ; 
the  one  is  filled  with  gas  under  a  pressure  of  10  atmospheres, 
the  second  is  perfectly  empty.  When  a  communication  is  sud- 
denly made  between  the  two  reservoirs,  the  gas  expands  to 
double  its  volume,  and  the  pressure  is  reduced  to  5  atmospheres. 

In  these  two  experiments,  then,  the  initial  and  final  conditions 
of  the  gas  are  the  same ;  but  this  identity  of  conditions  is  ac- 
companied by  calorific  results,  which  are  very  different;  for 
while  in  the  former  experiment  there  is  a  considerable  reduction 
of  temperature,  in  the  second  the  calorimeter  does  not  indicate 
the  slightest  alteration  of  temperature. 

Second  Example. — 1.  A  mass  of  gas  M  traverses  under  the 
ordinary  atmospheric  pressure  a  winding  tube  in  which  it  is 
heated  to  212°  F.,  and  then  a  calorimeter  whose  initial  tempera- 
ture is  32°  F.  The  temperature  of  the  calorimeter  is  raised  t 
degrees. 

2.  An  equal  mass  of  the  gas  traverses,  under  a  pressure  of 
10  atmospheres,  the  winding  tube,  in  which  it  is  heated  to 
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212°  F. ;  then  the  calorimeter  at  32°  F.  under  the  same  pressure. 
The  temperature  of  the  calorimeter  is  raised  t'  degrees,  and  ex- 
periment shows  that  t!  diflFers  very  little  from  t. 

3.  An  equal  mass  of  the  gas  traverses,  under  a  pressure  of 
10  atmospheres,  the  winding  tube,  in  which  it  is  heated  to 
212°  F. ;  but  on  reaching  the  orifice  of  the  calorimeter  at  32°  F., 
the  gas  expands,  and  the  pressure  falls  below  that  of  the  atmo- 
sphere in  such  a  manner  that  it  escapes  from  the  calorimeter 
with  the  same  temperature  and  pressure  as  the  surrounding 
atmosphere.  The  temperature  of  the  calorimeter  is  raised  t" 
degrees. 

According  to  the  theories  formerly  recognised,  the  quantity  of 
heat  disengaged  by  the  gas  in  the  experiment  No.  3  should  be 
equal  to  that  in  No.  2,  minus  the  quantity  of  heat  absorbed  by 
the  gas  during  the  enormous  expansion  it  has  undergone,  seeing 
that  its  volume  has  increased  tenfold ;  but,  on  the  contrary,  ex- 
periment shows  that  t"  has  a  value  greater  than  i'  and  t. 

It  would  be  possible  to  bring  forward  more  examples,  but  this 
would  involve  an  anticipation  of  what  follows.  I  shall  reserve  the 
discussion  of  this  subject  until  the  publication  in  a  complete  form 
of  my  experiments  upon  the  compression  and  expansion  of  gases. 

In  any  case,  the  examples  already  given  will  suffice  to  show 
that  great  circumspection  should  be  exercised  in  drawing  con- 
clusions from  experiments  in  which  elastic  fluids  are  in  a  state 
of  motion,  undergoing  variations  of  elasticity,  and  effecting  me- 
chanical work  frequently  difficult  to  appreciate  ;  for  the  calorific 
effects  produced  depend  in  a  great  measure  upon  the  order  and 
mode  in  which  these  variations  take  place. 

Unfortunately,  although  it  is  easy  to  propound  in  a  vague  man- 
ner a  physical  theory,  it  is  very  difficult  to  state  it  with  precision 
in  such  a  manner  as  not  only  to  include  all  the  facts  already 
known,  but  likewise  to  deduce  from  it  those  which  have  hitherto 
escaped  observation.  In  this  respect  the  theory  of  luminous  un- 
dulations, as  established  by  Fresnel,  is  an  isolated  fact  in  phy- 
sical science.  The  equation  of  problems  relating  to  heat,  regarded 
under  a  mechanical  point  of  view,  leads,  like  all  analogous  ])ro- 
blems,  to  an  equation  of  partial  differences  of  the  second  order, 
between  several  variable  quantities  which  are  unknown  functions 
of  each  other.  These  functions  represent  the  true  elementary 
physical  laws,  which  it  is  necessary  to  know  in  order  to  arrive  at 
a  complete  solution  of  the  problem.  The  integration  of  the 
equation  introduces  arbitrary  functions,  the  nature  of  which 
should  be  sought  for  by  comparing  the  results  given  by  the 
equation  with  those  obtained  by  direct  experiment,  and  with  the 
laws  deduced  from  those  experiments.  In  researches  upon  heat, 
unfortunately,    direct    experimentation    is   rarely   applicable   to 
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simple  phsenomena ;  generally  speaking,  it  has  to  do  with  com- 
plex questions,  which  depend  upon  many  of  those  laws  at  one 
and  the  same  time,  and  very  frequently  it  is  difficult  to  assign  to 
each  its  proper  influence.  The  experimenter  should  therefore 
endeavour  to  modify  the  circumstances  in  which  he  operates  in 
such  a  manner  as  to  vary  as  much  as  possible  in  the  several  ex- 
periments the  influence  of  each  of  the  elemeotary  phsenomena 
and  the  law  which  expresses  them.  He  will  thus  obtain  equa- 
tions of  condition,  which  may  be  of  very  great  assistance  towards 
discovering  the  general  theory,  for  that,  whatever  it  may  be, . 
should  always  be  fulfilled. 

It  is  from  this  point  of  view  that  I  have  prosecuted  my  re- 
searches ;  and  I  have  always  striven  to  define,  in  the  most  pre- 
cise manner,  the  conditions  under  which  I  have  operated,  in  order 
that  whatever  theoiy  may  finally  prevail,  some  advantage  may  be 
derived  from  my  experiments. 

In  1 847,  I  published  the  first  part  of  my  researches ;  they 
constitute  the  twenty-first  volume  of  the  Memoires  de  V Aca- 
demic. Since  that  time  I  have  not  ceased  to  carry  them  on  ;  but 
the  necessary  experiments  were  so  numerous,  the  numerical  cal- 
culations so  long  and  laborious,  that  it  would  have  been  impos- 
sible for  me  to  execute  them  if  left  to  my  individual  eflbrts.  I 
have  been  very  considerably  aided  by  M.  Izarn,  who  had  already 
taken  part  in  the  first  part  of  my  labours,  and  by  a  young 
mining  engineer,  M.  Descos,  whom  the  Minister  of  Public  Works 
has  given  me  as  an  assistant,  in  order  to  hasten  the  completion 
of  the  investigation. 

The  subjects  to  which  my  recent  experiments  relate  are  the 
following : — 

1.  The  relations  which  exist  between  the  temperatures  and 
tension  of  a  great  number  of  vapours  in  a  state  of  maximum 
density,  from  the  most  feeble  tension  to  that  of  12  atmospheres. 

2.  The  tension  of  the  same  vapours  at  their  maximum  density. 

3.  The  tension  of  vapour  of  maximum  density  produced  by 
mixed  liquids. 

4.  The  latent  heat  of  these  vapours  under  difierent  pressures, 
from  the  most  feeble  to  that  of  8  or  10  atmospheres. 

5.  The  latent  heat  of  vaporization  of  the  same  substances  in 
gases. 

6.  The  specific  heat  of  permanent  gases  and  vapours  under 
diff'erent  pressures. 

7.  The  quantities  of  heat  absorbed  or  disengaged  by  the  com- 
pression and  the  expansion  of  gases,  either  when  that  expansion 
is  efi'ected  in  a  space  the  capacity  of  which  is  augmented,  or 
when  it  takes  place  during  the  passage  through  a  capillary 
opening  in  a  thin  partition  or  through  a  long  capillary  tube. 
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8.  The  quantity  of  heat  absorbed  by  a  gas  when  it  produces 
during  its  expansion  motive  work  which  is  completely  expended 
in  the  interior  of  the  calorimeter,  or  of  which  the  greater  part  is 
rendered  available  externally. 

9.  Lastly,  the  densities  of  vapour  of  maximum  density  under 
different  pressures. 

The  experiments  which  refer  to  these  different  questions  are, 
with  the  exception  of  the  latter,  already  almost  completed.  But 
as  it  will  still  requ.ire  some  considerable  time  to  arrange  them  in 
their  proper  order  and  discuss  them  with  suitable  care,  I  purpose 
to  bring  before  the  Academy  in  succession  the  general  results, 
preparatory  to  publishing  them  in  a  complete  form. 

I  shall,  in  the  present  instance,  limit  myself  to  the  considera- 
tion of  my  researches  upon  the  capacity  for  heat  of  elastic  fluids. 

Capacity  for  Heat  of  Elastic  Fluids. 

Two  definitions  of  the  specific  heat  of  elastic  fluids  may  be 
given.  According  to  the  former,  the  specific  heat  is  that  quan- 
tity of  heat  which  must  be  communicated  to  a  gas  in  order  to 
raise  its  temperature  one  degree,  under  conditions  which  admit 
of  its  free  expansion,  so  that  it  may  preserve  a  constant  tension  ; 
according  to  the  second,  it  is  the  quantity  of  heat  necessary  to 
elevate  its  temperature  one  degree  under  such  conditions  that  its 
volume  remains  the  same  while  its  tension  increases. 

The  former  of  these  capacities  has  been  termed  the  specific 
heat  of  gases  under  constant  pressure ;  the  second  has  been 
termed  the  specific  heat  with  constant  volume.  The  former  defi- 
nition alone  coincides  with  that  which  has  been  adopted  for  the 
capacity  for  heat  of  solids  and  liquids ;  it  is  therefore  the  only 
one  which  has  hitherto  been  found  to  admit  of  a  direct  experi- 
mental determination. 

During  the  last  century  a  great  number  of  physicists  have 
been  engaged  with  investigations  relating  to  the  specific  heat  of 
elastic  fluids.  Crawford,  Lavoisier  and  Laplace,  Dalton,  Clement 
and  Desormes,  Delarochc  and  Berard,  llaycraft,  Gay-Lussac, 
Dulong,  De  la  llive  and  Marcet,  have  successively  published 
researches  upon  this  subject.  Most  of  these  physicists  have  en- 
deavoured to  demonstrate  by  experiment  certain  laws,  to  which 
they  had  been  led  by  a  priori  reasoning  on  the  constitution  of 
elastic  fluids.  They  applied  themselves  less  to  determine  the 
numerical  values  of  the  capacity  of  different  gases  for  heat  in 
relation  to  that  of  liciuid  water,  generally  adopted  as  unity,  than 
to  seek  for  simple  relations,  which  they  su})posed  ought  to  exist 
between  them.  The  conclusions  at  which  they  arrived  are  in 
most  instances  very  erroneous. 

The  memoir  of  Delaroche  and  Berard,  which  was  rewarded 
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with  a  prize  by  the  Academy  in  1813,  is  at  the  present  time  the 
most  complete  one  upon  this  subject,  and  that  in  which  the 
results  differ  least  from  the  truth.  This  superiority  is  owing  not 
only  to  the  extreme  care  with  which  these  skilful  experimenters 
carried  out  their  investigation,  but  likewise  to  the  direct  method 
which  they  adopted ;  while  the  greater  number  of  other  physi- 
cists have  had  recourse  to  indirect  methods,  in  which  the  ele- 
ment sought  frequently  exercised  but  a  very  slight  influence. 

The  general  results  at  which  Delaroche  and  Berard  arrived 
are  the  following  : — 

1.  All  gases  do  not  possess  the  same  specific  heat  in  regard 
either  to  volume  or  weight.  The  specific  heat  of  equal  weights 
or  equal  volumes  of  the  several  gases  has  the  following  values  for 
these  two  modes  of  comparison  : — 

Specific  heat  of  Eaual  volumes.  Equal  weights.  Spec.  grav. 

Air "  1-0000         1-0000  1-0000 

Hydrogen 0-9033  123401  00732 

Carbonic  acid    ....     1-2583         0-8280  1-5196 

Oxygen 09765         08848  1-1036 

Nitrogen 1-0000         1-0318  0-9691 

Protoxide  of  nitrogen       .     1-3503         0-8878  1-5209 

defiant  gas       ....     1-5530         1-5763  0-9885 

Carbonic  oxide       .     .     .     1-0340         1-0805  09569 

2.  The  capacity  for  heat  of  the  same  gases  in  relation  to  water 
is  expressed  by  the  following  numbers : — 

Specific  heat  of  water 1  -0000 

atmospheric  air  .     .     .  0-2669 

hydrogen 3-2936 

carbonic  acid      .     ...  0-2210 

oxygen 0-2361 

nitrogen 0-2754 

protoxide  of  nitrogen    .  0-2369 

olefiant  gas     ...     .  0-4207 

carbonic  oxide    .     .     .  0-2884 

aqueous  vapour  .     .     .  0*8470 

3.  The  specific  heat  of  atmospheric  air  with  constant  volume 
increases  with  its  density,  but  in  less  rapid  progression.     The 

relation  of  the  pressures  being  ,  that  of  the  specific  heats 

■J  I-0080 

'^  1-2396" 

4.  Delaroche  and  Berard  assumed,  for  theoretical  reasons 
founded  upon  the  direct  experiments  of  Gay-Lussac,  that  the 
specific  heat  of  a  gas  increased  rapidly  with  the  temperature. 

Such  arc  the  most  accurate  views  which  we  possess  at  the 
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present  day  upon  the  specific  heat  of  gases,  and  which  are  gene- 
rally recognised  by  physicists.  The  limits  within  which  I  am 
compelled  to  restrict  myself  in  this  abstract  render  it  impossible 
to  enter  upon  any  discussion  of  the  methods  which  have  been 
adopted  by  iny  predecessors,  or  any  description  of  those  which 
I  have  followed  myself.  It  will  be  sufficient  to  remark,  that  I 
have  encountered  in  this  class  of  investigations  very  great  diffi- 
culties, not  only  in  regard  to  the  actual  experiments,  but  like- 
wise in  a  theoretical  point  of  view.  The  remarks  which  have 
been  made  at  the  commencement  of  this  abstract  will  render  this 
easily  conceivable.  Thus,  although  my  first  experiments  were 
made  five  years  ago,  and  announced  at  that  time  in  my  memoirs 
upon  the  spe^iific  heat  of  solid  and  liquid  substances,  it  is  only 
now,  after  having  employed  the  most  different  methods,  and 
having  caused  the  elements  of  correction  to  destroy  each  other, 
that  I  can  with  confidence  lay  the  results  of  my  investigation 
before  the  Academy. 

According  to  my  experiments,  the  specific  heat  of  air  in  rela- 
tion to  that  of  water  is — 

Between  -    30°  and  +     10'^         0-2377 
Between  +    10°  and        100°         0-2379 
Between  + 100°  and       225°         0-2376 
Thus,  contrary  to  the  experiments  of  Gay-Lussac,  the  specific 
heat  of  air  does  not  vary  sensibly  at  different  temperatures.    Ex- 
periments made  with  several  other  permanent  gases  have  led  to 
a  similar  result. 

In  experimenting  with  atmospheric  air  under  a  pressure 
varying  from  1  to  10  atmospheres,  I  have  not  found  that  there 
is  any  sensible  difference  between  the  quantities  of  heat  disen- 
gaged by  a  given  mass  of  air  in  cooling  a  certain  number  of 
degrees.  Thus,  contrary  to  the  experiments  of  Dclaroche  and 
Berard,  who  have  shown  that  there  is  a  very  considerable  dif- 
ference for  pressures  varying  only  as  much  as  from  1  atmosphere 
to  1*3  atmosphere,  the  specific  heat  of  a  given  mass  of  gas  would 
be  independent  of  its  density.  Experiments  made  with  a  num- 
ber of  other  gases  have  led  to  analogous  results.  Nevertheless 
I  state  this  law  with  some  degree  of  reserve ;  for  I  am  as  yet 
unable  to  decide  whether  the  capacity  for  heat  is  absolutely  con- 
stant under  different  pressures,  or  whether  it  is  subject  to  a 
slight  correction  arising  from  the  state  of  motion  of  the  gas. 

The  specific  heat,  0-237,  of  air  in  relation  to  water  is  con- 
siderably less  than  the  number  0-2669,  adopted  by  Delaroche 
and  Berard;  it  is  moreover  the  residt  of  a  hundred  determina- 
tions made  under  various  conditions. 

The  other  elastic  fiuids,  for  which  I  have  determined  the  spe- 
cific heat,  are — 
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Specific  heat 
for  weights,      for  volumes. 


Densities. 

1-1056 
0-9713 
0-0692 
2-4400 
5-39 


Gases 

0-2182         0-2412 

Nitrogen 0-2440         0-2370 

Hydrogen 3-4046         02356 

Chlorine 0-1214         0-2962 

Bromine 0-05518       0*2992 

On  looking  through  this  table^  it  will  at  once  be  seen  that  the 
specific  heat  of  oxygen  differs  but  very  little  from  that  of  an 
equal  volume  of  either  nitrogen  or  hydrogen  ;  thvis  one  would  be 
led  to  infer  that  the  specific  heat  of  simple  gases  is  the  same  for 
equal  volumes  under  the  same  pressure.  But  for  chlorine  and 
bromine  numbers  have  been  obtained  which  are  almost  equal 
to  each  other,  but  much  greater  than  those  which  have  been  ob- 
tained for  other  simple  gases  : — 

Specific  heat  for 
Compound  gases.  equal  weights,  equal  volumes. 


Protoxide  of  nitrogen 


Binoxide  of  nitrogen 


y 


5929 


0-2238 
0-2315 

Carbonic  oxide 0*2479 

Carbonic  acid 0-2164 

Sulphuret  of  carbon       .     .     .  0*1575 

Sulphurous  acid 0-1553 

Hydrochloric  acid     ....  0-1845 

Hydrosulphuric  acid      .     .     .  0-2423 

Ammonia 0-5080 

Protocarburet     of    hydrogen 

(marsh  gas) 

Bicarburet  of  hydi'ogen      .     .  0-3694 

Water  vapour 0-4750 

Alcohol  vapour 0*4513 

^ther  vapour 0*4810 

Chloride  of  lethyle  vapour  .     .  0-2737 

Bromide  of  sethyle  vapour  .     .  0-1816 

Sulphuret  of  cethyle  vapour     .  0-4005 

Cyanide  of  sethyle  vapour  .     .  0-4255 

Chloroform  vapour   .     .     .      .  0-1568 

Dutch  liquid  vapour      .     .     .  0-2293 

Acetic  tether  vapom*       .     .     .  0-4008 

Acetone  vapour 0-4125 

Benzine  vapour 0*3754 

Turpentine  vapour    ....  0*5061 

Chloride  of  phosphorus  vapour  0*1346 

Chloride  of  arsenic  vapour       .  0*1122 

Chloride  of  silicium  vapour     .  0*1329 

Chloride  of  tin  vapour  .     .     .  0*0939 

Chloride  of  titanium  vapour    .  0*1263 


0-3413 
0*2406 
0*2399 
0*3308 
0-4146 
0-3489 
0-2302 
0-2886 
0-2994 

0-3277 

0-3572 
0-2950 
0-7171 
1-2296 
0-6117 
0-Q777 
1*2568 
0-8293 
0-8310 
0-7911 
1-2184 
0-8341 
1-0114 
2-3776 
0-6386 
0-7013 
0-7788 
0-8639 
0*8634 


Densities. 

1*5250 
1*0390 
0*9674 
1*5290 
2*6325 
2*2470 
1*2474 
1*1912 
0-5894 

0-5527 

0-9672 

0-6210 

1*5890 

2-5563 

2-2350 

3-7316 

3-1380 

1-9021 

5-30 

3-45 

3-0400 

2-0220 

2-6943 

4-6978 

4- 7445 

6-2510 

5-86 

9-2 

6*8360 
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These  are  all  the  volatile  substances  of  which  I  was  able  to  pre- 
pare considerable  quantities  in  a  state  of  purity. 

The  specific  heat  which  I  have  obtained  for  the  vapour  of 
water  in  a  great  number  of  experiments  is  0"475  ;  this  is  barely 
one-half  of  that  found  by  Delaroche  and  Berard.  It  is  remark- 
able that  the  specific  heat  of  the  vapour  of  water  should  be  nearly 
equal  to  that  of  solid  water,  and  only  one-half  that  of  liquid 
water. 

It  now  remains  for  me  to  discuss  the  values  which  I  have 
found  for  the  specific  heat  of  compound  elastic  fluids,  in  relation 
to  the  specific  heat  of  the  simple  gases  of  which  they  are  com- 
posed, and  to  the  amount  of  condensation  which  the  latter  have 
experienced ;  to  compare  the  specific  heat  connected  respectively 
with  the  solid,  liquid,  and  gaseous  states  in  several  substances 
which  are  capable  of  assuming  all  these  different  states.  I  shall, 
however,  reserve  this  discussion  for  a  later  communication,  in 
which  I  shall  give  the  latent  heat  of  vaporization  of  the  same 
substances. 


LXXVI.    Mechanical  Theory  of  Heat. —  Velocity  of  Sound  in 
Gases.  %  W.  J.  Macquorn  Rankine,  C.E.,  F.R.S.E.  ^c* 

SINCE  the  date  of  my  last  communication  on  this  subject,  I 
have  had  an  opportunity  of  reading  M.  Regnault's  table  of 
the  specific  heats  of  a  great  number  of  gases  under  constant 
pressure,  published  in  the  Comptes  Rendus  for  the  18th  of  April. 

The  results  contained  in  this  table,  taken  in  conjunction  with 
other  data  obtained  by  the  aid  of  the  mechanical  theory  of  heat, 
furnish  the  means  of  calculating  a  priori  the  velocity  of  sound 
in  various  gases. 

The  velocities  thus  calculated  being  compared  with  the  velo- 
cities as  determined  directly  by  observation,  affbrd  a  very  satis- 
factory experimental  test  of  the  accuracy  of  Laplace's  theory  of 
the  propagation  of  sound  in  gases,  and  of  the  fundamental  prin- 
ciples of  the  mechanical  theory  of  heat. 

Let  V  represent  the  volume  of  unity  of  weight  of  a  fluid  under 
the  pressure  P,  at  a  given  fixed  temperature  (such  as  that  of 

melting  ice) ;  -^—r-  the  rate  of  variation  of  pressure  with  density 
d.^ 


for  a  sudden  change  of  volume,  and the  rate  of  variation  at 


1 


constant  temperature ;  Ky  the  specific  heat  of  the  fluid  at  con- 
stant volume,  and  Kp  at  constant  pressure;  u  the  velocity  of 
sound  in  the  fluid  at  the  given  temperature  ;  then  it  has  been 
*  Communicated  bv  the  Author. 
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shown  by  Laplace  and  Poisson  that  the  following  formula  is  true 
for  perfect  gases : 

"V(-7f)=v/(-?r:)-   •  •  (') 

And  I  have  shown  further  (Trans.  Roy.  Soc.  Edinb.  vol.  xx. 
p.  440),  that  the  same  formula  is  applicable,  not  only  to  perfect 
gases,  but  to  all  fluids  whatsoever. 

In  making  use  of  this  formula  to  calculate  theoretically  the 
velocity  of  sound  in  gases,  it  is  generally  sufficiently  correct  for  ~ 
practice  to  make 

d? 

which  represents  the  height  of  an  imaginary  column  of  uniform 
density  equal  to  that  of  the  gas,  whose  weight  or  unity  of  base 
is  equal  to  the  pressm-e  of  the  gas. 

To  determine  the  ratio  of  the  specific  heats 

Kp 

we  have  in  the  first  place  the  mechanical  equivalent  of  Kp,  which 
is  found  by  multiplying  the  specific  heat  of  unity  of  weight  of 
the  gas  under  constant  pressure  as  compared  with  liquid  water, 
by  the  mechanical  equivalent  of  the  specific  heat  of  liquid  water. 
In  the  second  place,  the  difference  between  the  mechanical 
equivalents  of  the  specific  heats  at  constant  pressure  and  at  con- 
stant volume  (being  the  heat  which  is  converted  into  expansive 
power  while  the  gas  is  heated  one  degree  under  constant  pres- 
sure), is  to  be  calculated  a  priori  by  the  following  formula,  de- 
duced from  the  mechanical  theory  of  heat, 

Kp-Kv=</>(t).A^;        ....        (2) 

~'dY 

in  which  t  is  the  absolute  temperature,  measured  from  the  abso- 
lute zero  of  a  perfect  gas  thermometer,  274°*6  below  zero  on  the 
Centigrade  scale. 

According  to  the  views  of  M.  Clausius  and  Professor  Thomson, 
0(t)  is  an  unknown  function,  to  be  determined  by  experiment ; 
according  to  the  supposition  of  M.  Mayer,  it  is  simply  the  abso- 
lute temperature  itself;  according  to  the  hypothesis  adopted  in 
my  own  researches,  and  which  I  shall  here  continue  to  follow,  it 
is  of  the  form 

(f>{T)=T—K  ; (3) 

K  being  the  absolute  temperature  on  the  perfect  gas-thcrmonietcr 
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corresponding  to  total  privation  of  heat,  whose  value  is  very  small, 
and  according  to  the  latest  determination,  is  about  2^*1  Centi- 
grade. 

Of  the  five  gases  which  I  have  selected  as  having  their  pro- 
perties sufficiently  well-ascertained  to  enable  them  to  be  used  for 
the  purposes  of  the  comparison  in  question,  four,  viz.  atmo- 
spheric air,  oxygen,  hydrogen,  and  carbonic  oxide,  approach 
sufficiently  near  to  the  condition  of  a  perfect  gas  to  enable  the 
following  approximations  to  be  employed, 
dV        V  rfP      P 


dr 


and  consequently 


Kp  —  K-v  = 


dVY' 


PV, 


where  A,  is  a  small  constant,  being  about  l°-6  Centigrade  ;  but 
for  carbonic  acid  the  deviation  from  the  perfectly  gaseous  con- 
dition is  sufficient  to  render  it  necessary  to  use  a  more  compli- 
cated method  of  calculation,  taking  into  account  the  cohesion  of 
its  particles. 

The  data  and  results  of  these  computations  are  given  in  the 
annexed  table ;  from  which  it  appears,  that,  in  the  case  of  atmo- 
spheric air  and  carbonic  oxide,  the  agreement  between  the  calcu- 
lated and  observed  velocities  of  sound  is  sensibly  perfect ;  that 
for  oxygen  and  hydrogen,  the  differences  are  so  small  as  to  be 
nearly  inappreciable  ;  and  that  for  carbonic  acid,  the  discrepancy 
of  about  one-fortieth  part  is  not  greater  than  might  have  been 
anticipated,  from  the  number  of  additional  causes  of  error  which 
affect  the  experimental  data  for  the  less  perfect  gases. 

The  ratio  of  the  two  specific  heats  of  air  agrees  to  a  minute 
fraction  with  that  which  had  been  previously  deduced  from  the 
velocity  of  sound. 

Glasgow,  May  6,  1853. 


Names  of  gases. 

Experimental  data. 

Theoretical  data. 

Velocity  of  sound  at 
0°  Centigrade. 

Observers. 

A 
(Regnault). 

Kp 

(Regnault). 

Kp-Kv. 

Kv. 

Kp 
Kv" 

u  by 
theory. 

u  by  ob- 
servation . 

Metres. 
Air   7990 

Oxygen    72268 

Hydrogen     ...115462 
Carbonic  oxide      8259-25 
Carbonic  acid  j      5225-6 

[  Metres  of  Metres  of 
1      fall.      :      faU. 

0-2379     100-76 '    29-27 

i 
0-2182       92-41     26-47 

3-4046    1442        423 

0-2479      1050    ,    30-25 

0-2164  ,     91-65  j    19-56 

Metres  of 
fall. 

71-49 

65-94 
1019 
74-75 
72-09 

1-4094 

1-4014 
1-4150 
1-4047 
1-2714 

Jfetresper 
second. 

33235 

315-19 
12659 
337-34 
255-28 

Metres  per 
second. 

33237 

332-25 

317-7 

1269-5 

337-40 

261-6 

r  Bravais  and 
\  Martins. 
/  Moll  and 
i  Van  Beek. 
Dulong. 

Dulong. 

Uulong. 

Dulong. 
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Notation. 

h,  volume  of  unity  of  weight  of  the  gas,  under  a  pressure  of 
unity  of  weight  on  tlie  square  metre,  at  0^  Centigrade. 

K\v,  mechanical  equivalent  of  the  specific  heat  of  unity  of 
weight  of  liquid  water  =1389"6  feet,  or  423*54  metres 
of  fall  per  Centigrade  degree,  as  determined  by  Joule. 

Kp,  mechanical  equivalent  of  the  specific  heat  of  unity  of 
weight  of  the  gas  under  constant  pressure. 

Ky,  mechanical  equivalent  of  the  specific  heat  of  unity  of 
weight  of  the  gas  at  constant  volume. 

g,  accelerating  force  of  gravity  =9"80896  metres  per  second 
(at  the  observatory  of  Paris). 

M,  velocity  of  sound  in  the  gas  at  0°  Centigrade 


^/'^ 


=  \/  9^^ 


Kp 
Kv 


LXXVII.   On  Copper  Smelting.     By  James  Napier,  F.C.S.^ 
[Concluded  from  p.  354.] 

THE  metal  being  brought  to  the  state  of  blister  copper,  the 
next  operation  is  that  of  refining — bringing  it  into  a  state 
fit  for  the  market.  The  refining- furnace  is  similar  in  form  to  a 
roasting-furnace,  but  a  little  smaller,  and  the  bottom  is  made  to 
incline  a  little  to  the  front  door,  where  a  small  well  is  made. 
The  copper  being  ladled  from  the  furnace,  this  well  allows  of  the 
ladles  being  dipped  into  the  metal  when  the  quantity  in  the 
furnace  is  small,  so  that  the  last  portions  of  the  metal  can  be 
taken  out. 

About  six  tons  of  copper  from  the  roasting-furnace  are  put 
into  the  refining  fm'nace,  the  doors  and  air-holes  of  which  are 
closed,  and  the  heat  raised  until  the  metal  is  in  fusion,  when  the 
air-holes  are  opened.  A  short  roasting  is  generally  required, 
which  is  done  in  the  manner  we  have  described,  and  the  scoria 
which  collects  is  carefully  skimmed  ofi".  The  separation  of  im- 
purities is  facilitated  by  occasionally  stirring  the  metal  with  a 
rake.  Some  refiners  throw  pieces  of  green  wood  upon  the  sur- 
face, under  the  impression  that  it  assists  the  escape  of  sulphur. 
The  roasting  is  continued  until  a  ladleful  of  the  metal  taken  out 
sets  with  contraction.  If  the  metal  be  veiy  coarse,  it  will  set 
with  a  surface  having  a  frothy  appearance ;  if  finer,  it  sets  with 
expansion,  first  round  the  edge,  then  swelling  towards  the  centre, 
forming  a  little  mound  or  cone,  and  occasionally  boils  over  and 

*  Communicated  by  the  Author,  who  rcsei-ves  to  himself  the  cojivnght, 
any  infringement  whereof  will  invoke  legal  proceedings. — Eds. 
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throws  up  jets  of  metal,  forming  a  miniature  volcano.  These 
phsenomena  are  caused  no  doubt  by  the  presence  of  gases  in  the 
copper.  Several  metals  when  in  fusion  absorb  oxygen  ;  but  the 
fact  that  copper,  when  it  sets  in  this  way,  does  not  refine  well 
by  the  operation  of  poling,  which  would  soon  take  away  oxygen, 
is  presumptive  that  the  gas  which  escapes  is  not  oxygen,  and 
renders  probable  the  prevailing  idea  that  it  is  caused  by  the 
presence  of  sulphur  or  sulphurous  acid. 

When  the  setting  of  the  metal  in  the  ladle  is  favourable,  the 
charge  is  ready  for  the  operation  of  poling.  A  quantity  of 
charcoal  or  anthracite  coal  is  first  thrown  upon  the  metal  to 
prevent  oxidation  by  the  air,  and  then  the  end  of  a  large  pole  of 
green  wood,  generally  of  birch  or  oak,  is  inserted  into  the  melted 
copper,  and  kept  pressed  down  to  the  bottom  of  the  metal,  which 
occasions  violent  ebullition,  the  metal  spurting  and  boiling  with 
loud  noise.  The  action  which  takes  place  during  this  operation 
will  be  apparent  to  evevy  one  slightly  versed  in  chemistry — the 
reduction  of  any  oxide  or  suboxide.  But  the  reason  why  such 
an  operation  as  poling  is  required,  is  owing  to  the  peculiar 
nature  of  copper  in  relation  to  its  oxides.  If,  for  example,  a 
quantity  of  melted  lead  be  exposed  to  the  air,  it  oxidates,  but  the 
oxide  formed  floats  upon  the  surface  of  the  metal,  and  may  be 
reduced  by  putting  wood  or  other  carbonaceous  matters  on  the 
surface ;  but  when  copper  is  so  oxidated,  the  oxide  formed  is 
dissolved  in  the  metal  as  completely  as  a  salt  is  dissolved  in 
water,  which  renders  the  copper  brittle.  To  put  pieces  of  wood 
or  charcoal  upon  the  surface  would  not  remove  the  oxygen ; 
hence  the  necessity  of  poling  in  order  to  bring  the  carbonaceous 
matters  into  contact  with  the  dissolved  oxide. 

The  copper  before  poling  has  a  granular  fracture  and  a  red- 
brown  colour ;  as  the  poling  proceeds,  these  appearances  change. 
The  refiner  takes  from  time  to  time  small  samples,  called  assays, 
which  he  hammers  and  breaks  for  examination.  When  it  reaches 
the  proper  pitch,  the  assay  bends  without  breaking ;  a  small  cut, 
however,  is  made  with  a  chisel  on  the  centre  of  the  assay,  so 
that  in  bending  it  opens  up  and  shows  the  fracture,  which  when 
tough,  or  in  pitch,  should  have  a  fibrous  silky  lustre  and  light 
colour.  When  this  pitch  is  attained,  the  pole  is  withdrawn  and 
a  larger  sample  taken  out,  termed  a  trial,  and  cast  in  a  small 
mould.  It  is  then  beat  by  sledge  hammers  into  a  plate ;  if  the 
copper  be  good,  this  plate  should  not  crack  on  the  edge,  and  the 
surface  will  be  smooth  and  not  scaly;  if  it  crack,  the  copper  is 
not  in  a  good  condition,  and  it  would  not  be  safe  to  take  out  if 
it  is  intended  to  be  used  for  hammered  work.  But  frequently 
copper  that  will  not  hammer  will  stand  rolling  into  sheets  with- 
out much  loss.      Previous  to  taking  out  the  trials  a  quantity  of 
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lead  is  generally  added,  from  10  lbs.  to  30  lbs.,  to  the  charge ; 
this  softens  the  copper  and  renders  it  more  tough.  Sometimes, 
when  the  trial  cracks  upon  the  edge,  a  little  additional  lead  will 
cure  it. 

The  addition  of  lead  is  supposed  to  effect  the  complete  deoxi- 
dizemeut  of  any  remaining  oxide  of  copper,  and  it  is  imagined 
that  all  the  lead  comes  off  as  scoria,  or  is  volatilized.  In  our 
analyses  of  copper,  and  they  have  been  very  numerous,  the  pre- 
sence of  lead  was  always  detected  wherever  it  had  been  added 
in  the  refining  operation,  and  often  in  quantity  equivalent  to 
what  had  been  added.  Smelters  finding  in  their  practice  that 
copper  made  from  the  ordinary  quality  of  ores  will  not  roll 
without  lead  being  added,  are  of  opinion  that  its  presence  is 
essential  for  toughening  the  copper ;  but  it  is  only  so  when  im- 
purities are  present.  We  have  often  seen  copper  refined  without 
lead ;  and  when  the  metal  was  pure  and  free  from  antimony, 
was  superior  to  those  containing  lead.  Copper  made  from  a 
mixture  of  Cornish  ores  purified  from  antimony,  tin,  &c.  in 
the  early  stages  of  smelting,  and  refined  without  lead,  has  given 
the  following  results: — A  cake  of  14  inches  by  10  inches  has 
been  rolled  at  one  heat  to  17  feet  in  length,  with  a  wire  edge; 
and  a  cake  from  the  same  copper  was  hammered  into  a  bowl  2 
feet  deep  and  19  inches  diameter  without  cracking.  The  neces- 
sity of  adding  lead  we  consider  to  be  owing  to  the  presence  of 
antimony  in  the  copper,  the  smallest  trace  of  which  without  lead 
makes  it  brittle ;  while  we  have  seen  copper  with  half  a  per 
cent,  made  to  roll  by  the  addition  of  lead. 

When  the  copper  is  brought  to  the  proper  pitch  by  the  refi- 
ning operation,  it  is  ladled  out  into  moulds.  A  ladle  holds  about 
30  lbs.  of  fluid  metal,  three  of  which  form  a  cake,  the  ordinary 
size  of  which  is  14  x  10  inches.  Twenty  moulds  are  set  round 
the  floor  in  front  of  the  furnace,  three  ladlefuls  are  poured 
together  into  each  mould,  going  over  the  whole,  by  which  time 
the  cake  first  poured  is  set,  and  the  mould  is  ready  to  receive 
another  charge.  Each  mould  holds  five  such  charges  or  cakes. 
During  the  lading  out  the  refiner  takes  an  assay  at  short  inter- 
vals, as  the  metal  is  liable  to  get  out  of  pitch,  or  become  dry,  as 
underpoled  copper  is  termed,  in  which  case  poling  has  to  be 
resumed.  So  much  depends  upon  refining,  that  the  best  copper 
by  a  defect  in  this  operation  will  be  rendered  unmarketable. 

It  occasionally  happens  that  poling  is  carried  on  too  long; 
in  which  case  the  metal  assumes  a  light  colour  and  a  crystalline 
structure,  loses  its  toughness  and  becomes  hard;  when  this 
occurs,  the  charcoal  is  removed  from  the  surface  of  the  metal  to 
expose  it  to  the  air  for  some  time  and  allow  it  to  imbibe  oxygen, 
after  which  it  is  again  poled  as  described.     Both  overpoled  and 
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underpoled  copper  crack  in  rolling ;  the  former  cracks  along  the 
surface  as  well  as  at  the  edges,  the  latter  only  on  the  edges^  the 
surface  remaining  smooth. 

In  making  what  is  termed  best  select  copper,  the  refining  is 
performed  in  the  manner  described,  but  no  lead  is  added.  This 
quality  of  copper  is  used  for  the  manufacture  of  fine  alloys,  such 
as  Muntz's  yellow  metal ;  copper  a  little  overpoled  is  generally 
preferred  for  this  purpose.  Overpoled  metal  expands  in  setting, 
giving  the  ingots  a  roundness  on  the  top.  Select  metal  is  cast 
into  ingots  about  8  inches  long  and  3  thick.  The  moulds  are 
fitted  upon  a  frame  placed  over  a  pit  or  tank  of  water,  so  that 
whenever  the  metal  becomes  solid,  the  mould  which  moves  upon 
a  pivot  is  turned  over  and  the  copper  ingot  drops  into  the  water, 
which  takes  ofl"  all  oxide  from  the  surface.  Each  of  these  ingots 
weighs  about  15  lbs.  The  ingot-moulds  are  sometimes  made  of 
iron,  but  these  soon  give  way,  crack  upon  the  surface,  and  dis- 
figure the  ingot ;  they  also  retain  the  heat  so  much  as  to  give 
the  copper  moulded  in  them  a  spongy  appearance.  Moulds 
made  of  copper  suit  best,  and  are  most  generally  used. 

We  have  said  that  the  operation  of  poling  is  to  eff'ect  the 
reduction  of  the  oxide  and  suboxide  of  copper  dissolved  in  the 
metal,  but  what  constitutes  overpoling  is  not  so  easily  defined. 
Mr.  Vivian,  in  his  paper  on  copper  smelting,  published  in  1822, 
gives  it  as  his  opinion  that  carbon  is  taken  up  by  the  copper, 
forming  a  carburet,  which  remains  dissolved  in  the  metal  as  the 
oxides  do.  In  our  inquiry  we  have  never  been  able  to  detect 
the  slightest  trace  of  carbon  in  overpoled  copper,  even  in  samples 
where  that  operation  had  been  purposely  continued,  until  the 
metal  was,  in  the  language  of  the  workmen,  rotten,  being  so 
brittle.  The  following  are  a  few  observations  upon  this  inter- 
esting subject : — 

1st.  In  refining,  the  pui*er  the  copper  is,  the  more  difficult  it 
is  to  keep  in  the  proper  pitch. 

2nd.  Overpoling  causes  the  copper  to  expand  when  setting. 

3rd.  Overpoled  copper  effervesces,  which  is  no  doubt  produced 
by  the  escape  of  gas,  and  which  causes  a  shower  of  minute  glo- 
bules of  solid  metal  coated  with  suboxide. 

These  favour  the  idea  that,  whatever  be  the  substance  present, 
it  exists  in  the  copper  in  a  gaseous  state,  and  is  not  permanently 
combined  with  the  metal.  The  following  are  the  appearances 
which  copper  in  different  states  of  jjoling  have  under  the  micro- 
scope, with  their  sjjccific  gravities  : — 

1st.  Copper  ready  for  poling.  Red-brown  colour,  vitrified, 
sandy  fracture.    Spec.  grav.  8-491. 

2nd.  After  a  little  poling.  Colour  redder  than  last,  sandy 
fracture,  not  so  vitreous-looking.      Spec.  grav.  8-526. 
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3rd.  Further  poling.  Colour  lighter,  with  more  lustre,  frac- 
ture hard,  not  sandy,  but  vitreous.     Spec.  grav.  8'481. 

4th.  Longer  poling.  Colour  brighter,  with  more  of  the 
metallic  lustre,  less  vitreous  than  former,  and  having  minute 
cavities.     Spec.  grav.  8'397. 

5th.  Near  to  tough  pitch.  Colour  still  brightei-,  fracture  full 
of  minute  cavities,  as  if  the  metal  had  set  during  escape  of 
gaseous  matters,  slightly  vitreous.     Spec.  grav.  8'582. 

6th.  Tough  pitch.     The  appearance  of  this  was  singular ;  the 
cavities  in  the   last  specimen  seemed  now  collapsed,  giving  a-^ 
fracture    resembling  a  honey-comb,   strongly  compressed,   the 
colour  of  silvery  brightness  and  a  soft  metallic  appearance.  Spec, 
grav.  8*654. 

7th.  A  little  overpoled.  The  collapsed  cells  extended  some- 
thing like  No.  5 ;  some  of  the  cavities  oval,  as  if  a  gas  had 
escaped;  fracture,  a  reedy  hard  appearance.     Spec.  grav.  8"594. 

8th.  Further  overpoled.  Fracture  crystalline  and  vitreous, 
full  of  cavities.     Spec.  grav.  8'518. 

9th.  INIuch  overpoled.  Fracture  like  a  crystalline  network, 
very  hard  and  vitreous.     Spec.  grav.  8' 298. 

These  appearances  seem  to  indicate  the  changes  going  on 
within  the  metal  during  poling,  and  the  specific  gravity  of 
each  corresponds  with  these  appearances.  In  Nos.  4  and  8, 
when  the  cavities  are  very  numerous,  the  specific  gravities  are 
lowest. 

Fi'om  these  experiments  and  observations,  we  think  that  the 
first  reaction  in  poling  is  the  reduction  of  the  oxide  of  copper, 
and  the  complete  reduction  of  the  oxide  constitutes  the  tough 
pitch.  Overpoling  we  think  to  be  the  imbibition  of  carbonic 
oxide  or  carbonic  acid,  and  not  the  formation  of  a  carbm-et  of 
copper.  That  metals  imbibe  gas  when  in  a  melted  state  is  well 
known;  some  of  them,  as  silver,  give  it  out  when  setting. 
That  overpoling  is  due  to  gaseous  matter  contained  in  the  metal, 
we  think  is  evident  by  its  efi"ervescence,  and  by  its  becoming 
tough  if  kept  melted  until  this  effervescence  ceases. 

It  is  worthy  of  remark,  that  green  wood  is  much  more  effect- 
ive in  poling  than  dry  wood  or  charcoal ;  probably  the  hydrogen 
in  the  moisture  and  juices  is  more  effective  in  reducing  the  oxides. 

When  copper  is  pure  and  of  good  quality,  the  ingot  when 
struck  by  a  hammer  or  thrown  upon  another  ingot  gives  a  dead 
solid  sound,  not  sonorous;  while  copper  with  the  slightest 
quantity  of  alloy  when  so  treated  gives  a  sharp  clink.  By  this 
character  the  founder  often  judges  of  the  quality  of  the  metal. 
We  have  seen  copper  received  by  a  purchaser  with  great  sus- 
picion because  of  its  sound,  which  gave  by  analysis — 
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Copper      ....     99-80 

Iron -05 

Antimony       .     .     .          "04 

99-89 

While  copper  of  tlie  following  composition,  but  without  sound, 
was  received  with  every  confidence ; — 

Copper      ....     98-90 

Iron -07 

Oxygen  and  loss       .       1'03 

100-00 

That  the  poling  has  no  influence  on  this  phaenomeuon  has 
been  proved  by  trials  made  at  all  stages  of  that  operation. 

Pure  copper  dissolves  much  more  freely  in  strong  nitric  acid 
than  impure  copper,  and  gives  an  immediate  clear  dark  blue 
solution.  Most  alloys  impart  to  the  solution  a  greenish  tint ; 
a  small  portion  of  silver,  quite  an  olive-green ;  indeed  different 
alloys  furnish  characteristic  tints.  These  remarks,  however,  only 
refer  to  undiluted  solutions  ;  dilution  takes  away  the  peculiarity 
of  hue ;  and  if  antimony  or  bismuth  be  present,  the  dilute  solu- 
tion is  slightly  turbid,  requiring  several  hours  to  clear. 

The  purifying  of  copper  from  alloy  during  the  operation  of 
refining  has  formed  the  subject  of  many  experiments.  In 
general  some  substance  has  been  added  to  the  copper  in  fusion 
to  dispel  or  scorify  the  impure  metal,  such  as  would  combine 
with  the  alloy  and  form  with  it  a  volatile  compound,  as  chlorides 
to  form  a  chloride  of  antimony ;  or  ground  glass  to  form  a  sili- 
cate of  antimony,  which  would  be  removed  as  slag ;  but  none  of 
these  experiments  gave  any  hopes  of  successfully  and  profitably 
removing  the  alloys.  One  great  difficulty  to  overcome  in  these 
experiments  is,  that  the  matters  added  lloat  on  the  melted  metal, 
and  consequently  can  only  affect  the  surface.  The  oxide  of  one 
metal  may  scoi'ify  or  oxidize  another  metal  when  present  in 
copper,  but  this  would  only  be  a  change  of  alloy,  which  in  some 
cases  may  be  done  to  advantage ;  thus  the  addition  of  a  little 
oxide  of  lead  will  greatly  aid  in  purifying  copper  from  antimony 
and  bismuth. 

Tliat  silica  has  an  attraction  for  antimony,  and  will  extract 
it  from  copper,  we  have  had  sufficient  evidence  in  its  being  accu- 
mulated in  the  sand-bottoms  of  the  refining  furnace.  A  refining- 
furnace  used  for  copper  containing  small  quantities  of  antimony 
will  soon  become  so  deteriorated  that  metal  of  good  quality  can- 
not be  made  in  it.  A  refiuing-furnace  bottom  which  had  been 
used  for  several  months  for  ordinary  cake  copper,  not  containina: 

2K3 
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at  any  time  more  than  0']3  per  cent,   of  antimony,   gave  by 
analysis,  about  two  inches  from  the  surface, — 

Copper       ....  50-30 

Silica 42-43 

Sulphur     ....  2-11 

Iron 1-68 

Tin -16 

Antimony       .     .     .  1'92 

98-60 

The  relation  of  the  antimony  to  the  copper  in  this  analysis  is 
3*8  per  cent.,  showing  the  accumulation  of  that  metal,  caused 
no  doubt  by  the  strong  attraction  which  silica  has  for  the  oxide 
of  antimony ;  and  suggests  the  probability  of  some  of  the  anti- 
mony existing  m  the  copper,  not  as  an  alloy,  but  in  the  form  of 
a  compound,  probably  antimoniate  of  copper,  which  the  silica  of 
the  bottom  decomposes.  All  the  impurities  found  deteriorating 
copper  exist  in  the  ore ;  and  wc  repeat  what  has  been  previously 
stated,  that  if  these  metals  be  not  removed  before  the  copper 
reaches  the  state  of  metal,  their  entire  separation  is  as  yet  com- 
mercially impracticable. 

The  effect  of  minute  quantities  of  metal  in  copper  has  not  yet 
been  fully  investigated,  and  a  considerable  difference  of  opinion 
exists  on  this  question.  A  few  years  ago  a  quantity  of  copper 
was  returned  to  the  makers  as  unfit  for  the  purposes  for  which  it 
was  sold,  being  brittle.  This  on  being  analysed  gave  a  trace  of 
nickel,  which  was  considered  the  deteriorating  impurity.  Expe- 
riments made  by  Bunsen  on  this  subject  showed  that  small 
quantities  of  nickel  do  not  affect  the  rolling  property  of  copper. 

Arsenic  in  copper  is  considered  very  deleterious  both  by 
smelters  and  copper-workers.  Dr.  Percy  has  shown  that  the 
presence  of  that  metal  is  not  hurtful. 

Silver  has  been  found  in  copper  complained  of,  and  con- 
sequently considered  to  be  the  deteriorating  agent.  We  have 
found  copper  highly  prized  by  the  manufacturers  for  its  quality, 
containing  from  20  to  25  oz.  of  silver  per  ton  of  copper.  We 
have  no  doubt  but  all  these  statements  are  true ;  an  alloy  in  one 
proportion  may  deteriorate,  and  in  another  improve  certain  work- 
ing qualities  of  copper.  A  minute  quantity  of  lead  does  not 
seem  to  hurt  copper,  yet  it  requii'cs  but  a  small  proportion  of 
that  metal  to  make  copper  brittle.  Iron  makes  copper  hard, 
yet  we  have  seen  it  with  0-3  per  cent,  of  that  metal  highly  prized 
both  for  rolling  and  hammering.  These  cases  are  cited  to  show 
how  much  has  yet  to  be  done  in  this  inquiry. 

There  is  another  circumstance  connected  with  the  working  of 
copper  closely  related  to  the  presence  of  minute  quantities  of 
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alloy,  that  is,  the  pickling.  Copper  is  rolled  when  at  a  red  heat, 
and  in  this  operation  it  becomes  covered  with  a  black  scale  of 
oxide,  which  adheres  fii'mly  to  the  surface.  This  is  removed  by 
moistening  the  surface  with  urine,  then  making  the  sheet  red- 
hot  and  plunging  it  immediately  into  water,  when  the  oxide 
scales  off;  this  operation  is  termed  pickling.  Some  qualities  of 
copper  part  with  this  scale  with  great  difficulty ;  large  portions 
adhere,  and  can  only  be  imperfectly  removed  by  rubbing,  which 
affects  the  value  of  the  sheet  of  metal.  We  have  seen  copper  of 
the  purest  quality  pickle  so  bad  as  to  affect  its  sale.  It  is  vexy 
probable  that  a  little  alloy,  if  not  altogether  essential,  greatly 
assists  this  operation.  Lead  and  tin  prevent;  arsenic,  anti- 
mony, and  silver  assist  pickling,  circumstances  which  suggest 
the  probability  of  the  cause  being  electrical ;  as  those  metals 
which  are  positive  to  copper  prevent  pickling,  and  those  that  are 
negative  to  it  in  the  electrical  scale  assist. 

We  have  in  these  papers  given  a  brief  detail  of  the  processes 
at  present  in  use  for  manufacturing  copper  from  its  ores,  and 
traced,  so  far  as  our  experience  enabled  us,  the  various  chemical 
changes  which  take  place.  A  great  variety  of  improvements 
have  been  proposed  and  patented  for  copper  smelting,  A  few  of 
these  are  worth  a  trial,  and  bid  fair  to  be  of  use ;  but  the  greater 
portion  of  them  exhibits  a  want  of  practical  knowledge  of  the 
processes  adopted,  and  consequently  the  requirements  of  the 
trade.  The  merits  or  otherwise  of  these  processes  it  is  not  our 
present  intention  to  review ;  but  we  hope  that  these  papers  will 
supply  a  desideratum,  and  enable  those  who  are  not  in  the  trade  to 
appreciate  the  difficulties  experienccdby  thosewhoareengagedinit. 

LXXVIII.   On  a  Method  of  Transforming  Equations  by  means 
of  Symmetric  Functions.     By  G.  B.  Jerrard. 

[Continued  from  p.  363.] 
8.   TN  the  solution  of  Problem  I.,  when  X,  =  3,  it  is  implied 
A     that  the  six  equations 

will  obtain  at  once  in  virtue  of  the  condition 
so  that  the  fii*st  members  of  the  equations 

.,      2B,  .,     2%  .,  2«B,.     , 
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will  be  identical.  But  the  question  respecting  the  possibility  of 
these  two  equations  having  a  common  factor  of  a  lower  degree 
than  the  sixth  ought  here  to  be  considered. 

We  may,  it  is  true,  very  readily  perceive  that  there  cannot 
generally  exist  a  common  factor  of  either  the  first  or  the  second 
degree  with  rational  coefficients,  since  no  cubic  radical  could 
under  such  circumstances  be  involved  in  the  solution.  And 
when  m  =  4  (for  every  other  case  may  be  excluded  as  being 
already  solved  by  the  first  method  in  which  X  =  4)*,  it  is  mani- 
fest that  q  and  f^j  which  are  each  of  them  expressible  as  rational 
functions  of  the  roots  of  the  original  equation  in  x,  will  neces- 
sarily lead  from  the  equality  of  the  typical  forms  to  identical 
equations  of  the  sixth  degree ;  unless^  indeed,  there  can  exist, 
for  equations  of  the  fourth  degree  as  well  as  for  those  of  higher 
degrees,  a  function  analogous  to  D(Vf(„i,),  ^Giav)'  ^H(«v))t- 

We  see,  then,  what  strong  grounds  there  are  for  inferring 
that  the  equations 

Q 

will  be  identical  when  ;n  =  4. 

But  the  subject  is  very  instructive,  and  I  hope  to  return  to  it 
at  some  future  time. 

Long  Stratton,  Noi-folk, 
May  14,  1853. 

Errata  in  last  Number. 
Page  356,  line  4,  dele  commas  in  a?^,, .  a;^,, .  .  a^. 
—    358  —  19,  for  P+Q  read  P+Qx. 


*  By  the  mode  of  solution  in  which  X=4,  we  can,  while  m  >■  4,  always 
eflFect  the  proposed  transformation  by  means  of  an  equation  of  a  lower 
degree  in  x  than  the  given  one ;  but  when  m=4,  the  equations 

Tx*+Sx^+Rx''+Qx+F-y=0 
rise  to  the  same  power  of  a?,  and  one  of  them  becomes  a  multiple  of  the 
other,  as  I  have  shown  in  my  Mathematical  Researches.     In  order,  there- 
fore, to  include  this  case,  X  was  taken  equal  to  3. 

The  method  in  which  X=i3  may,  however,  be  made  to  extend  to  high 
values  of  m.  But  the  equation  of  the  sixth  degree  in  q  and  that  in  f^  will 
no  longer  be  identical,  except  for  particular  values  of  A3,  A4, .  .  A,„  .  This 
is  obvious. 

t  See  my  "  Notes  on  the  Resolution  of  Equations  of  the  Fifth  Decree  " 
in  the  Philosophical  Magazine  for  Februarv  1852.  "^ 
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LXXIX.    On  Rubian  audits  Products  of  Decomposition. 
By  Edward  Schuxck^  F.R.S. 
[Concluded  from  p.  436.] 

THE  experiments  above  detailed  prove  that  the  decomposition 
whicli  rubian  undergoes  by  fermentation^  does  not  differ  in 
its  general  nature  from  that  which  results  from  the  action  of  acids 
or  alkalies.  The  decomposing  effect  of  the  ferment  extends  like 
that  of  these  agents  to  three  portions  of  rubian.  The  first  por- 
tion of  rubian  loses  water  and  gives  rise  to  the  formation  of 
alizai'ine.  The  second  loses  water  and  produces  rubiretine  and 
verantine  in  equivalent  proportions.  The  third  takes  up  water 
and  gives  sugar  and  rubiafiue,  or  it  takes  up  1  equiv.  more  of 
water,  and  yields  sugar  and  rubiagine.  The  rubianine  produced 
by  acids,  and  the  rubiadine  formed  by  alkalies,  give  place,  when 
ferment  is  the  decomposing  agent,  to  rubiafine  and  rubiagine. 
The  rubiadipine,  in  consequence  of  the  uncertainty  of  its  nature 
and  origin,  and  the  minute  quantity  in  which  it  is  formed,  I 
leave  out  of  consideration.  The  relative  proportion  in  which  the 
various  products  of  decomposition  are  formed,  seems  to  be  about 
the  same  in  the  case  of  ferment  as  when  acids  or  alkalies  are 
employed.  Alizarine  is  formed  in  the  smallest  quantity ;  of 
rubiretine  and  verantine  a  little  more  is  produced,  but  the  sugar 
and  the  rubiafine  and  rubiagine  exceed  all  the  others  in  amount. 

It  appears  further  from  these  experiments,  that  the  ordinaiy 
process  of  dyeing  vnth  madder  is,  in  fact,  mainly  a  process  of 
fermentation,  that  it  consists  essentially  of  a  re-arrangement  of 
the  elements  of  rubian  induced  by  the  action  of  ferment,  whereby 
a  formation  of  colouring  matter  takes  place,  and  that  the  pre- 
cautions necessary  to  be  taken  in  regard  to  the  regulation  of  the 
temperature  in  madder  dyeing  have  reference  princijjally  to  the 
progress  of  the  fermentation.  The  extraordinary  rapidity  with 
which  this  process  of  fermentation  is  completed,  is  the  only  cir- 
cumstance which  distinguishes  it  from  other  processes  of  a  similar 
nature. 

A  very  interesting  question  now  arises,  suggested  by  the  ana- 
logy which  must  be  presumed  to  exist  between  this  and  other 
processes  of  fermentation,  viz.  By  what  means  is  the  action  of  the 
ferment  on  rubian  either  destroyed,  retarded  or  promoted ;  and 
do  not  any  means  exist  of  so  modifying  the  action  as  to  lead  to 
the  formation  of  particular  substances  in  preference  to  others  ? 
With  the  view  of  throwing  some  light  on  this  question,  I  insti- 
tuted a  series  of  experiments,  which  I  shall  now  proceed  to 
describe. 

Having  taken  a  solution  of  rubian  and  mixed  it  with  a  quan- 
tity of  ferment  sufficiently  large  to  cflfect  its  decomposition  under 
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ordinary  circumstances^  I  raised  the  temperature  of  the  mixture 
to  the  boiling-point  and  kept  it  boihug  for  a  short  time.  After 
the  mixture  had  stood  for  some  days  exposed  to  a  moderate  tem- 
perature, I  found  that  the  rubian  had  not  undergone  the  least 
change.  The  liquid  remained  yellow  and  bitter,  and  after  fil- 
tration and  evaporation  left  a  residue  of  rubian  with  its  usual 
appearance  and  properties. 

I  took  in  the  next  place  a  cjuantity  of  ferment,  dried  it  slowly 
at  a  moderate  temperature,  reduced  it  to  a  fine  powder  and  mixed 
it  with  a  solution  of  rubian.  After  the  mixture  had  stood  for 
some  days,  the  rubian  was  entirely  decomposed.  Tlie  filtered 
liquid  left  on  evaporation  a  quantity  of  sugar,  and  the  residual 
mass  on  the  filter,  which  was  interspersed  with  numerous  small 
yellow  crystals,  was  treated  with  boiling  alcohol,  which,  after 
being  filtered  boiling  hot  and  allowed  to  cool,  deposited  a  large 
quantity  of  rubiafine  in  ciystals.  The  alcoholic  liquid,  on  being 
examined  in  the  usual  manner,  Mas  found  to  contain  besides 
rubiafine,  alizarine,  rubiagine,  rubiretine  and  verantine,  the  two 
latter  being  rather  less  in  amount  than  usual. 

After  drying  the  ferment  at  a  moderate  temperatm*e,  then 
heating  it  for  some  hours  in  a  water-bath,  before  adding  it  to  a 
solution  of  rubian,  no  apparent  change  took  place  for  some  time, 
but  gradually  tlie  rubian  began  to  disappear,  and  after  two 
months  was  entirely  decomposed.  The  filtered  liquid  left  on 
evaporation  a  quantity  of  sugar,  and  the  residue  on  the  filter, 
on  being  treated  with  alcohol,  yielded  a  solution  which  contained 
rubiafine,  and  a  pretty  large  quantity  of  rubiretine  and  veran- 
tine, but  no  alizarine. 

To  a  solution  of  rubian  I  now  added  a  sufficient  quantity  of 
ferment  to  effect  its  decomposition  when  used  alone,  and  then  a 
small  quantity  of  sulphuric  acid.  The  mixture  remained  appa- 
rently unchanged  for  some  time.  The  liquid  was  filtered,  the 
acid  was  neutralized  with  carbonate  of  lead,  the  liquid  was  then 
again  filtered,  and  left  on  evaporation  a  yellowish-red,  bitter, 
glutinous  substance,  which  was  apparently  a  mixture  of  rubian 
and  sugar.  The  mass  left  on  the  filter  was  treated  with  boiling 
alcohol,  which  was  then  found  to  contain  a  trace  of  alizarine,  a 
little  rubiagine,  and  a  large  quantity  of  rubiretine  and  verantine. 

The  same  experiment  was  performed,  substituting  for  the  sul- 
phuric acid  a  minute  quantity  of  carbonate  of  soda.  This  had 
the  effect  of  completely  dissolving  the  ferment,  forming  a  solution 
to  which  the  rubian  imparted  a  red  colour.  After  standing  for 
some  time,  the  rubian  was  entirely  decomposed,  for  on  neutral- 
izing the  soda  with  sulphuric  acid,  a  yellow  precipitate  fell,  while 
the  liquid  became  colourless.  The  latter  being  filtered,  the  acid 
was   neutralized  with  carbonate  of  lead,  and  the  liquid  being 
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again  filtered  left  on  evaporation  a  quantity  of  sugar  mixed  with 
sulphate  of  soda.  The  mixture  of  ferment  with  the  products  of 
decomposition  yielded  to  boiling  alcohol  a  large  amount  of 
rubiafinCj  rather  more  than  the  average  quantity  of  alizarine, 
and  a  moderate  quantity  of  rubiretine  and  verantine,  but  no 
rubiagine.  I  repeated  this  experiment,  using  caustic  soda  instead 
of  carbonate  of  soda;  but  having  employed  rather  too  large  a 
quantity  of  alkali,  I  found  that  the  action  of  the  fennent  was 
veiy  much  retarded,  so  much  so  that  after  standing  for  some 
days  there  was  still  a  quantity  of  undecomposed  rubian  present ; 
and  among  the  products  of  decomposition  formed  there  was  little 
or  no  alizarine,  rubiafine  or  rubiagine,  but  a  large  quantity  of 
rubiretine  and  verantine.  The  addition  of  lime  water  produced 
a  similar  effect  to  that  of  carbonate  of  soda,  though  of  not  quite 
so  marked  a  character. 

Having  mixed  a  solution  of  rubian  with  ferment  in  the  usual 
manner,  I  added  a  small  quantity  of  sugar  of  lead.  The  fennent, 
which  had  been  preWously  diffused  through  the  liquid,  was  im- 
mediately precipitated  by  the  lead  salt  in  brown  flocks,  leaving  a 
clear  yellow  solution  floating  above  it.  After  standing  however 
for  some  days  the  colour  of  the  solution  became  gradually  paler, 
and  at  length  almost  disappeared.  After  filtration  and  evaporation 
it  left  a  small  quantity  of  sugar.  The  mass  left  on  the  filter  was 
purple,  and  contained  oxide  of  lead.  It  was  treated  with  cold 
sulphuric  acid,  which  turned  it  red.  The  acid  liquid  after  filtra- 
tion was  neutralized  with  carbonate  of  lead,  and  again  filtered, 
when  it  appeared  colourless,  and  produced  no  precipitate  with 
basic  acetate  of  lead,  a  proof  that  it  contained  no  rubian.  The 
mass  which  had  been  treated  with  cold  sulphuric  acid,  was  then 
treated  with  boiling  alcohol,  which  on  being  filtered  and  allowed 
to  cool  deposited  some  crystallized  rubiafine,  and  was  found  to 
contain  a  trace  of  alizarine  and  a  large  quantity  of  rubiretine 
and  verantine.  It  a{)pears  therefore  that  even  sugar  of  lead, 
which  produces  an  insoluble  compound  with  the  ferment,  is 
incapable  of  arresting  the  action  of  the  latter  on  rubian. 

The  same  experiment  was  made,  using  corrosive  sublimate 
instead  of  sugar  of  lead.  The  action  of  the  ferment  was  in  this 
case  considerably  retarded,  for  the  yellow  colour  of  the  liquid 
did  not  entirely  disappear,  even  after  several  days.  The  filtered 
liquid  left  on  evaporation  some  corrosive  sublimate  with  a  little 
rubian,  but  no  sugar.  The  mass  on  the  filter  was  treated  with 
boiling  alcohol,  which  was  then  found  to  contain  no  alizarine, 
rubiafine  or  rubiagine,  but  a  considerable  quantity  of  rubiretine 
and  verantine. 

Arsenioiis  acid  had  a  very  similar  effect  to  sugar  of  lead  and 
corrosive  sublimate,  that  is  to  say,  it  retarded  the  action  of  the 
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ferment,  prevented  the  formation  of  alizarine,  and  promoted  that 
of  rubiretine  and  verantine. 

The  addition  of  a  large  quantity  of  alcohol  to  a  mixture  of 
rubian  and  ferment  had  likewise  the  effect  of  retarding,  though 
not  of  altogether  preventing  the  fermentation.  A  great  part  of 
the  rubian  remained  uudecomposed,  while  the  remainder  had 
given  rise  to  the  formation  of  a  small  quantity  of  alizarine  and 
a  large  quantity  of  rubiretine  and  verantine. 

A  solution  of  rubian  having  been  mixed  with  ferment,  I  poured 
the  mixture  into  a  bottle,  and  then  added  a  quantity  of  oil  of" 
tui-pentine,  after  which  the  whole  was  well  shaken  up  and  left  to 
stand.  The  decomposition  of  the  rubian  was  much  retarded, 
and  took  several  days  for  its  completion.  The  oil  of  turpentine 
floating  on  the  surface  was  removed.  The  liquid  underneath 
was  colourless.  After  filtration  and  evaporation  it  left  a  quan- 
tity of  sugar.  The  remaining  products  of  decomposition  were 
rubiafine,  a  trace  of  alizarine,  and  a  large  quantity  of  rubiretine 
and  verantine,  but  no  rubiagine. 

From  these  experiments,  which  seem  to  me  sufficiently  decisive 
to  require  no  further  confirmation,  I  draw  the  following  in- 
ferences : — 

1 .  There  exist  no  means,  short  of  the  complete  destruction  of  the 
ferment,  capable  of  arresting  its  action  on  rubian,  except  exposing 
it  while  in  a  moist  state  to  the  temperatui*e  of  boiling  water.  Even 
when  exposed  to  that  temperature,  after  having  been  previously 
dried,  itsfermenting  power  is  not  entirely  lost,  but  merely  weakened. 

2.  By  the  addition  of  various  substances,  usually  classed  as 
antiseptic,  such  as  sulphuric  acid,  arsenious  acid,  sugar  of  lead, 
corrosive  sublimate,  alcohol  and  oil  of  turpentine,  during  the 
process  of  fermentation  the  action  of  the  ferment  is  not  destroyed ; 
it  is  merely  retarded  and  modified. 

3.  The  more  the  action  of  the  ferment  on  rubian  is  re- 
tarded, the  more  rubiretine  and  verantine,  and  the  less  alizarine 
are  formed,  so  much  so  that  in  some  cases  the  alizarine  disap- 
})ears  entirely  from  among  the  products  of  decomposition,  which 
then  consist  almost  solely  of  rubiretine  and  verantine.  The 
formation  of  rubiafine  and  rubiagine  is  promoted  when  the  action 
of  the  ferment  is  moderately  retarded,  but  diminishes  again,  or 
entirely  ceases  when  the  retardation  is  very  great.  Of  the  two,  the 
rubiagine  is  the  first  to  disappear  when  any  retardation  takes  place. 

4.  By  the  addition  of  small  quantities  of  alkalies  during  the 
process  of  fermentation,  the  action  is,  as  regards  its  duration,  if 
not  pi'omoted,  at  all  events  not  retarded  ;  and  as  regards  the  rela- 
tive quantities  of  the  various  substances  produced,  the  amount  of 
alizarine  is  thereby  decidedly  increased,  while  that  of  the  rubire- 
tine and  verantine  is  diminished. 
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These  experiments  also  confirm  the  view  derived  from  analyti- 
cal results,  that  there  is  a  mutual  relation  and  interdependence 
on  the  one  hand  between  rubiretine  and  verantine,  and  on  the 
other  between  rubiafine  and  rubiagine  and  the  sugar,  whereas 
alizarine  occupies  an  independent  position ;  for  rubiretine  is 
never  found  among  the  products  of  decomposition  by  fci-men- 
tation  without  an  accompaniment  of  verantine,  though  both 
may  be  present  to  the  exclusion  of  all  other  products ;  and  the 
formation  of  sugar  always  indicates  that  of  rubiafine  or  rubiagine, 
whereas  all  these  substances  may  be  present  without  a  trace  of 
alizarine  being  at  the  same  time  produced. 

The  deleterious  cfi'ect  resulting  from  the  presence  of  acids  in 
the  dye-bath  during  the  process  of  madder  dyeing  hereby  finds 
an  additional  explanation.  Not  only  do  acids  act  injuriously  by 
seizing  hold  of  the  mordants  with  which  the  colouring  matter 
ought  to  combine,  not  only  do  they  allow  the  constituents  of  the 
root  which  are  injurious  in  the  process  to  have  full  scope  by  de- 
priving them  of  the  alkalies  or  alkaline  earths  with  which  they 
would  othei-wise  unite,  but  they  also  retard  the  peculiar  process 
by  which  the  alizarine  is  formed,  and  even  lead  to  the  formation  of 
deleterious  substances  at  the  expense  of  the  colouring  matter  itself. 

In  order  to  place  in  a  more  striking  light  the  influence  exerted 
respectively  by  acids  and  alkalies  during  the  process  of  the  fer- 
mentation of  rubian,  I  will  here  give  the  results  of  an  experiment 
to  ascertain  quantitatively  the  amount  of  the  various  products  of 
decomposition  formed  on  the  addition  of  either  during  the  pro- 
cess. For  this  purpose  I  took  5*59  grms.  rubian,  dissolved  it 
in  water,  added  to  the  solution  a  quantity  of  ferment,  and  mixed 
both  together  very  well.  I  thcri  divided  the  mixture  into  two 
equal  parts,  and  added  to  one  half  a  small  quantity  of  carbonate 
of  soda,  to  the  other  a  little  sulphuric  acid.  Both  were  allowed 
to  ferment  for  a  length  of  time,  and  the  portion  insoluble  in 
water  was  treated  in  both  cases  with  boiling  alcohol.  The  alcohol 
deposited  on  being  filtered  boiling  hot  a  quantity  of  rubiafine, 
which  was  collected  on  a  filter  and  weighed.  To  the  alcoholic 
liquid  I  added  acetate  of  alumina.  The  precipitate  thereby  occa- 
sioned was  separated  by  filtration,  washed  with  alcohol  and 
decomposed  with  boilhig  muriatic  acid.  Tlic  red  flocks  thus 
obtained  were  collected  on  a  filter,  washed,  dried  and  weighed. 
They  consisted  of  alizarine,  verantine  and  rubiafine.  After  being 
weighed,  they  were  treated  with  boiling  dilute  nitric  acid,  which 
destroyed  the  alizarine,  leaving  the  two  other  substances  behind 
in  the  shajjc  of  a  yellow  powder,  which  was  filtered,  washed, 
dried  and  weighed.  By  deducting  its  weight  from  the  total 
weight  of  the  three,  the  weight  of  the  alizarine  was  ascertained. 
The  liquid  filtered  from  the  alumina  precipitate  deposited  on  the 
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addition  of  sulphuric  acid  and  water  a  yellow  powder,  which  was 
collected  on  a  filter,  washed,  dried  and  weighed.  It  was  then 
treated  with  a  little  cold  alcohol.  This  left  undissolved  a  quan- 
tity of  rubiagine,  which  was  again  collected  on  a  filter,  dried  and 
weighed.  The  alcohol  left  on  evaporation  a  dark  brown  mass, 
the  fatty  nature  of  which  showed  that  it  contained  rubiadipine 
in  addition  to  rubiretine.  Now  1  obtained  from  that  half  of  the 
solution  to  which  carbonate  of  soda  had  been  added,  the  follow- 
ing quantities  of  these  various  substances  : — 0*323  grm.  alizarine, 
0"220grm.  rubiafine,  0*167  grm.  of  the  niLxtm'e  of  rubiafine  and 
verantine,  0*250  grm.  rubiagine,  and  0*170  grm.  of  the  mixture  of 
rubiretine  audnibiadipine.  From  the  other  half,  to  which  sulphuric 
acid  had  been  added,  I  obtained  the  following  quantities  of  the  same 
bodies  : — 0*2030  grm.  alizarine,  0*340grm.  rubiafine,  0*157  grm. 
of  the  mixture  of  rubiafine  and  verantine,  0*310  grm.  rubiagine, 
and  0*230  grm.  of  the  mixture  of  rubiretine  and  rubiadipine.  In 
both  cases  a  quantity  of  rubian  remained  undecomposed,  but  the 
quantity  actually  decomposed  was  capable  of  being  approximately 
determined  from  the  quantities  of  products  of  decomposition 
formed.  Assuming  the  formula  of  rubiafine  to  be  C^'^H'^0^, 
that  of  rubiagine  C^^H''*0^^,  assuming  further  that  the  mixture 
of  ruljiafine  and  verantine  consisted  entirely  of  the  latter  sub- 
stance, by  which  no  great  error  is  committed  (since  the  quanti- 
ties of  rubiafine  and  verantine  which  one  atom  of  rubian  is  capable 
of  yielding  are  to  one  another  as  277  to  258),  and  leaving  out 
of  consideration  the  trifling  quantity  of  rubiadipine  formed  (the 
rubiretine  being  given  by  the  amount  of  verantine),  then  the 
quantities  of  the  various  substances  obtained  correspond  respect- 
ively to  the  following  quantities  of  rubian  : — 

Rubian.  Rubian. 

Alizarine  .  0*323  corresp.  to  0*407  0*203  corresp.  to  0*255 
Rubiafine  .  0*220  corresp.  to  0*484  0*340  corresp.  to  0*748 
Rubiagine  0*250  corresp.  to  0*533  0*310  corresp.  to  0*661 
Verantine  .  0*167  corresp.  to  0*394       0*157  corresp.  to  0*371 

1*818  2*135 

Hence  it  appears  that  though  the  amount  of  rubian  which 
actually  underwent  decomposition  w^as  less  when  carbonate  of 
soda  was  added  than  when  sulphuric  acid  was  employed  in  addi- 
tion to  the  ferment,  still  the  amount  of  the  alizarine  produced 
was  greater  in  the  former  than  the  latter  case,  while  the  amount 
of  almost  all  the  other  substances  was  proportionally  less.  In 
using  carbonate  of  soda,  the  quantity  of  alizarine  formed  amounted 
to  17*7  per  cent.,  in  using  sulphuric  acid  it  amounted  to  9*5  per 
cent,  of  the  rubian  decomposed.  The  quantity  which  should  be 
formed,  if  the  rubian  were  entirely  converted  into  alizarine,  is 
79*3  per  cent. 
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In  the  first  part  of  this  paper  I  have  pointed  out  the  possibihty 
which  exists  in  theory  of  converting  rubian  entirely  into  alizarine, 
to  the  exclusion  of  every  other  product  of  decomposition ;  and 
though  I  cannot  say  that  I  have  approached  much  nearer  to  its 
practical  realization,  still  if,  as  the  experiments  just  described 
prove,  the  fermentative  process  whereby  alizarine  is  formed  is  of 
so  plastic  a  nature  as  to  be  capable  of  yielding  under  different 
circumstances,  sometimes  more,  sometimes  less,  occasionally  none, 
of  the  latter  substance,  then  the  prospect  of  our  being  able  so  to 
modify  it  as  to  lead  to  the  formation  of  a  much  larger  quantity 
of  alizarine  from  a  given  quantity  of  rubian  than  is  at  })resent 
possible,  becomes  less  distant. 

The  experiments  which  I  shall  now  describe  were  made  in 
order  to  ascertain  the  effect  produced  on  rubian  by  other  fer- 
mentative substances  besides  that  contained  in  madder  itself. 

I  first  took  a  solution  of  rubian  and  mixed  it  well  with  a  solu- 
tion of  albumen  made  from  white  of  egg.  The  mixture  was 
allowed  to  stand  in  a  moderately  warm  place  for  two  months, 
but  though  the  albumen  had  entered  into  a  state  of  putrefaction, 
the  rubian  was  still  for  the  most  part  undecomposed,  as  was 
evident  from  the  taste  and  colour  of  the  liquid.  At  the  bottom 
of  the  vessel  there  was  found  a  small  quantity  of  a  dark  reddish- 
brown  deposit,  which  was  collected  on  a  filter.  On  treating  this 
deposit  with  boiling  alcohol,  the  latter  acquired  a  red  colour, 
and  left  on  evaporation  a  small  quantity  of  a  yellow  bitter  sub- 
stance, soluble  in  water,  which  only  differed  from  rubian  in 
being  somewhat  viscid.  The  remainder  of  the  dark  brown  de- 
posit I  treated  with  a  mixture  of  muriatic  acid  and  alcohol,  when 
it  immediately  became  almost  white,  while  the  substance  which 
had  coloured  it  dissolved  in  the  alcohol  with  a  yellow  colour. 
The  alcohol  was  filtered  from  the  insoluble  part,  which  was  pro- 
bably merely  modified  albumen,  and  evaporated  to  dryness,  when 
it  left  a  reddish-yellow,  uncrystalline  residue.  This  residue  was 
impure  alizarine,  for  it  gave  on  being  heated  in  a  tube  a  crystal- 
line sublimate,  it  dissolved  in  caustic  alkali  with  a  violet  colour, 
and  its  alcoholic  solution  became  purple  on  the  addition  of  ace- 
tate of  copper.  In  the  reddish-brown  deposit  it  was  doubtless 
contained  in  combination  with  some  base,  perhaps  lime.  The 
greatest  part  of  the  rubian  remained  in  solution  mixed  with  the 
albumen.  The  solution  was  slowly  evaporated  to  dryness,  when 
it  left  a  red  transparent  substance  like  gum  or  varnish,  which 
was  treated  with  boiling  alcohol.  The  alcohol  acquired  a  reddish- 
yellow  colour,  and  left  on  evaporation  a  yellowish-red,  deliques- 
cent, bitter  residue,  consisting  apparently  of  rubian  mixed  with 
some  nitrogenous  substance.  It  was  entirely  soluble  in  water 
with  a  reddish  colour.     The  solution  gave  with  acetate  of  lead  a 
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copious  brown  precipitate,  the  supernatant  liquid  being  almost 
colourless,  but  with  acids  and  alkalies  it  gave  the  usual  reactions 
of  a  solution  of  rubian.  The  greater  part  of  the  gum- like  sub- 
stance was  of  course  insoluble  in  alcohol.  On  being  treated 
with  a  mixture  of  sulphuric  acid  and  alcohol  in  the  cold,  an 
additional  quantity  of  yellow  liquid  was  obtained,  which  after 
filtration,  neutralization  with  carbonate  of  lead  and  evaporation, 
left  a  reddish,  deliquescent  residue  similar  to  the  last.  It  appears, 
therefore,  that  the  action  of  albumen  on  rubian  is  but  slight. 

In  order  to  ascertain  what  effect  caseine  has  on  rubian,  I  mixed 
a  solution  of  the  latter  with  a  quantity  of  milk,  and  allowed  the 
mixture  to  stand  in  a  warm  place  for  several  days,  until  the  smell 
indicated  that  the  caseine  had  entered  into  a  state  of  putrefac- 
tion. The  liquid,  which  was  still  yellow  and  bitter,  was  filtered 
from  the  caseine,  which  had  separated  in  yellow  flocculent  masses, 
and  basic  acetate  of  lead  was  added,  which  produced  a  red  pre- 
cipitate. This  precipitate,  after  filtering  and  washing,  was  de- 
composed with  cold  sulphuric  acid ;  the  excess  of  sulphuric  acid 
was  removed  with  carbonate  of  lead ;  and  after  passing  sulphu- 
retted hydrogen  through  the  filtered  liquid  to  precipitate  a  little 
lead  contained  in  the  solution,  it  was  again  filtered  and  evapo- 
rated, when  it  left  a  quantity  of  rubian  possessing  the  usual  pro- 
perties of  that  substance,  with  the  exception  of  its  being  somewhat 
viscid.  The  caseine  on  the  filter  after  being  washed  with  water 
was  treated  with  boiling  alcohol,  which  deprived  it  of  its  yellow 
colour,  and  rendered  it  white.  The  filtered  liquid,  which  was 
yellow,  gave  no  precipitate  either  with  acetate  of  alumina  or  sugar 
of  lead,  proving  the  absence  of  alizarine  and  the  usual  products 
of  decomposition  of  rubian.  On  evaporation  it  left  a  residue  of 
rubian  mixed  with  fat,  the  whole,  with  the  exception  of  the  fat, 
being  soluble  in  water. 

A  similar  negative  result  was  obtained  with  gelatine  and  yeast. 
A  solution  of  rubian  being  mixed  with  a  solution  of  glue,  the 
mixture  after  standing  for  several  weeks  began  to  emit  a  putrid 
smell,  and  acquired  a  reddish  tinge,  but  remained  bittei',  and 
deposited  nothing  insoluble.  On  adding  yeast  to  a  solution  of 
rubian,  and  allowing  to  stand  until  putrefaction  commenced,  no 
apparent  change  took  place  in  the  solution,  which  I'etained  its 
yellow  colour  and  bitter  taste. 

The  action  of  enmlsine  on  rubian  was  very  different.  The 
emulsine  employed  was  prepared  in  the  usual  manner^,  by  treating 
sweet  almonds,  after  being  pounded  and  pressed  between  paper 
to  deprive  them  of  their  oil,  with  water,  separating  the  milky 
liquid  from  the  i-esidue  by  straining,  allowing  it  to  stand  until 
he  fat  had  collected  on  the  surface,  and  then  pi-ecipitating  the 
emulsine  from  the  clear  liquid  underneath,  by  means  of  alcohol. 
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Some  emulsine  pi'epared  in  this  manner  was  placed  in  a  solution 
of  rubian,  and  well  mixed  up  with  it.  The  mixture  was  allowed 
to  stand  in  a  warm  place  for  some  days.  By  degrees  the  liquid 
became  almost  colourless,  while  the  emulsine  acquired  a  yellow 
colour.  It  was  filtered  and  evaporated,  when  it  left  a  quantity 
of  emulsine.  The  yellow  mass  on  the  filter  was  treated  with 
boiling  alcohol,  which  became  yellow,  while  the  residue  lost  almost 
the  whole  of  its  colour.  The  alcoholic  liquid  was  filtered  and 
spontaneously  evaporated,  when  it  left  a  yellowish-red  mass, 
among  which  crystals  of  alizarine  were  discernible.  This  mass 
was  treated  with  cold  water,  in  which  a  part  dissolved  with  a 
yellow  colour.  The  liquid  after  filtration  and  evaporation  left  a 
quantity  of  unchanged  rubian.  The  part  insoluble  in  water  was 
dissolved  again  in  alcohol,  and  to  the  solution  was  added  acetate 
of  alumina,  which  produced  a  red  precipitate.  This  precipitate, 
after  filtration  and  washing  with  alcohol,  was  decomposed  with 
muriatic  acid,  and  the  yellow  flocks  left  by  the  acid  were  dis- 
solved in  alcohol,  on  the  spontaneous  evaporation  of  which  there 
was  left  a  mass  of  pure  alizarine  in  well-defined  yellow  crystals. 
The  liquid  filtered  from  the  alumina  precipitate  was  evaporated 
to  dryness,  and  the  residue  left  was  treated  with  water  and  mu- 
riatic acid,  when  a  brown  mass  was  obtained,  which  after  filtering 
and  washing  was  treated  with  cold  alcohol.  The  alcohol  left 
undissolved  a  brown  powder,  consisting  probably  of  verantine, 
and  after  filtration  and  evaporation  left  a  brown  resinous  sub- 
stance, easily  fusible  when  thrown  into  boiling  water,  and  con- 
sisting doubtless  of  rubiretine.  The  quantity  of  alizarine  formed 
seemed  to  be  much  larger  in  proportion  to  the  rubian  employed, 
and  to  the  quantity  of  other  substances  formed,  than  in  the  case 
of  the  ferment  of  madder.  Nevertheless,  I  must  state,  that  on 
repeating  the  experiment  I  was  unable  to  attain  the  same  result, 
the  alizarine  being  formed  in  much  smaller  proportion  and  giving 
place  to  other  products  of  decomposition. 

Lastly,  I  resolved  to  examine  what  effect,  if  any,  would  be  ])ro- 
duced  on  rubian  by  some  fermentative  substance  derived  like  that 
of  madder  from  a  vegetable  root.  For  this  purpose  I  chose  the 
albuminous  substance  described  by  Braconnot  as  existing  in  the 
root  of  the  Helianthus  tuberosus'^.  I  selected  this  substance, 
because  it  has,  like  the  ferment  of  madder,  the  pro])ertv  of 
causing  a  solution  of  sugar  to  undergo  an  acetous  fermentation. 
It  was  prepared  in  the  following  manner.  The  tubers  were  cut 
into  slices,  then  pounded  in  a  mortar  with  a  little  water  until 
the  lumps  had  disappeared.  The  mass  was  then  placed  on  a 
piece  of  calico,  and  the  liquor  expressed  with  the  hands.  The 
muddy  liquid  which  ran  through  was  then  mixed  with  a  con- 
*  Ann.  de  Chem.  et  de  Phys.  xxv.  358. 
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sidcrable  quantity  of  alcohol.  This  produced  a  gray  precipitate, 
which  was  collected  on  a  filter  and  well  washed  with  cold  alcohol. 
Some  of  this  precipitate  was  then  added  to  a  solution  of  rubian, 
and  the  mixture  was  allowed  to  stand  in  a  moderately  warm  place 
until  it  began  to  disenga;ge  a  putrid  smell.  The  liquid  was  then 
filtered  and  evaporated  to  di-yness.  The  residue  was  treated 
with  boiling  alcohol,  which  dissolved  a  part  with  a  yellow  colour, 
leaving  undissolved  a  quantity  of  brown  flocks,  consisting  pro- 
bably of  some  of  the  ferment.  The  alcohol  on  evaporation  left 
a  residue,  consisting  of  rubian  with  its  usual  appearance  and  pro- 
perties, and  apparently  free  from  sugar.  The  substance  left  on 
the  filter  had  acquired  a  brownish-yellow  colour,  which  was  not 
removable  by  washing  with  water.  On  being  treated  with  boiling 
alcohol,  it  lost  its  yellow  colour,  which  was  now  transferred  to 
the  alcohol.  The  alcohol  after  filtration  and  evaporation  left  a 
dark  brown  substance  in  the  shape  of  a  pellicle,  which  yielded 
nothing  to  boiling  water.  On  being  treated  with  cold  alcohol, 
a  brown  powder  resembling  verantine  was  left  undissolved,  while 
the  filtered  liquid  gave  on  evaporation  a  residue  of  a  resinous 
nature,  which  melted  when  thrown  into  boiling  water  and  be- 
came brittle  again  when  cold,  and  consisted  doubtless  of  rubire- 
tine.  The  effect  produced  by  this  substance  on  rubian,  there- 
fore, though  it  does  not  equal  in  energy  that  of  the  madder 
ferment  itself,  or  even  of  emulsine,  exceeds  that  of  albumen  or 
caseine.  As  regards  the  substances  produced  by  it,  its  action 
resembles  that  of  madder  ferment  when  retarded  by  the  addition 
of  antiseptic  substances,  and  it  confirms  the  law  which  I  have 
deduced  from  previous  experiments,  viz.  that  the  more  slowly 
rubian  is  decomposed,  the  more  rubiretine  and  verantine  are 
produced. 

It  appears  from  these  experiments,  that  none  of  the  common 
and  well-known  fermentative  substances,  with  the  exception  of 
emulsine,  are  capable  of  effbeting  in  any  considerable  degree  the 
decomposition  of  rubian,  and  that  none  of  them,  with  that  single 
exception,  can  be  employed  as  a  substitute  for  the  ferment  con- 
tained in  madder  itself,  which  produces  an  effect  on  rubian  alto- 
gether sui  generis.  This  circumstance  alone,  apart  from  all  other 
considerations,  would  entitle  the  ferment  of  madder  to  be  con- 
sidered as  an  entirely  distinct  and  peculiar  substance,  on  which 
it  will  therefore  be  necessary  to  bestow  a  distinct  name.  For 
this  purpose  I  venture  to  suggest  the  name  of  Erythrozym  (from 
ipv6po<i  red,  and  ^vjjir}  ferment)  as  most  appropriately  indicating 
its  chief  characteristic,  and  I  shall  now  proceed  to  give  a  short 
account  of  its  properties  and  composition. 

When  prepared  in  the  manner  above  described  by  precipita- 
tion with  alcohol,  erythrozym  is  obtained  as  a  chocolate-coloured 
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granular  mass.  When  dried  it  coheres  into  hard  lumps,  which 
are  almost  black,  and  are  with  difficulty  reduced  to  powder. 
When  the  dry  substance  is  heated  on  platinum  foil  it  emits  a 
smell  somewhat  resembling  that  of  burning  peat  and  burning 
horn,  and  then  burns  without  miich  flame,  leaving  a  considerable 
quantity  of  residue,  which,  on  being  further  heated,  is  soon  con- 
verted into  a  grayish-white  ash,  consisting  almost  entirely  of 
carbonate  of  lime.  If  erythrozym  be  well  mixed  while  in  a  moist 
state  with  water,  a  reddish-l)rown  muddy  liquid  is  formed,  having 
all  the  appearance  of  a  solution.  It  is,  however,  no  solution; 
the  erythrozym  is  merely  suspended  in  the  liquid,  for  on  filtering 
through  paper  a  clear  liquid  passes  through,  while  a  mucilaginous 
substance  remains  on  the  filter.  The  latter,  on  being  mixed 
with  a  solution  of  rubian,  exerts  the  usual  decomposing  effect  on 
that  substance,  while  the  liquid,  when  tried  in  the  same  way,  is 
found  to  be  entirely  without  effect.  Hence  it  follows  that  ery- 
throzym, after  having  once  been  precipitated  from  its  watery 
solution,  even  by  alcohol,  cannot  again  be  dissolved  in  Avater. 
The  liquid  obtained  by  treating  erythrozym  with  water  and  fil- 
tering, contains  a  small  quantity  of  a  substance,  which,  from  its 
reactions,  I  conclude  to  be  pectic  acid,  or  some  body  nearly  allied 
to  it.  In  fact,  the  method  of  preparing  erythrozym  implies  that 
all  substances  contained  in  the  watery  extract  of  madder,  inso- 
luble in  alcohol,  must  be  found  mixed  with  it ;  but  since  the 
erythrozym  itself  by  precipitation  with  alcohol  becomes  insoluble 
in  water,  these  substances  may  afterwards  be  easily  removed  by 
treating  with  water.  If  the  watery  liquid  in  which  the  erythro- 
zym is  contained  in  a  state  of  suspension  be  boiled,  a  sort  of 
coagulation  takes  place,  and  the  erythrozym  separates  in  the 
shape  of  dirty  red  flocks,  while  the  liquid  retains  a  reddish  colour. 
The  same  effect  is  produced  by  adding  alcohol  or  salts,  such  as 
common  salt  or  sal-ammoniac,  the  substance  se])arating  in  dark 
reddish-brown  flocks,  with  a  clear  yellowish  liquid  floating  above 
them.  That  erythrozym  is  not  an  uncombined  substance,  but 
a  compound  of  an  organic  substance  with  lime,  is  proved  by  its 
behaviour  towards  acids.  If  it  be  treated  with  any  acid,  even 
acetic  acid,  its  colour  changes  from  reddish-brown  to  yellowish- 
brown,  and  tlu!  filtered  liquid  is  found  to  contain  a  considerable 
quantity  of  lime.  The  yellowish-brown  flocks  left  on  the  Alter, 
after  all  the  excess  of  acid  has  been  removed,  do  not  again  form 
with  water  a  mucilnginoub  liquid  like  the  original  substance; 
and  even  an  addition  of  lime  water,  though  it  restores  the  origi- 
nal chocolate  colour,  does  not  reproduce  that  peculiar  condition 
of  suspcnsibility  in  water  characteristic  of  it  in  its  original  state. 
The  brown  substance  into  which  erythrozym  is  changed  by  the 
action  of  acids  is  soluble  in  caustic  alkalies,  forminc;  pale  purple 
Phil.  Mag.  S.  4.  No.  35.  SuppJ.  Vol.  5.  "      2  L 
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turbid  liquids.  The  ammoniacal  solution  gives  reddish-brown 
flocculent  precipitates  with  most  earthy  and  metallic  salts.  When 
the  solution  in  caustic  soda  is  boiled,  a  disengagement  of  ammo- 
nia takes  place.  If  erythrozym  be  treated  wdth  boiling  nitric 
acid,  it  is  dissolved  and  decomposed  with  a  disengagement  of 
nitrous  acid.  A  small  quantity  of  a  white  flocculent  substance 
remains  behind.  Concentrated  sulphuric  acid  chars  it  on 
heating. 

If  erythrozym  be  mixed  with  water,  and  the  mixture  be  allowed 
to  stand  for  a  length  of  time  in  a  warm  place,  signs  of  a  more 
active  process  of  fermentation  begin  to  show  themselves,  espe- 
cially in  summer  weather ;  bubbles  of  gas  are  given  off,  and  a 
peculiar  smell  is  emitted,  which,  though  disagreeable,  cannot 
exactly  be  called  putrid.  During  this  process,  which  is  evi- 
dently one  of  putrefaction  in  the  stricter  sense,  the  erythrozym 
loses  its  sliminess,  and  is  converted  into  a  red  flocculent  mass, 
which  may  easily  be  separated  by  filtration  from  the  liquid.  The 
latter  is  clear,  colourless  and  quite  neutral.  After  erythrozym 
has  passed  through  this  second  stage  of  decomposition,  its  power 
of  decomposing  rubian  is  found  to  have  lost  much  of  its  inten- 
sity. It  is  during  the  first  period  of  its  decomposition,  when  no 
apparent  change  is  taking  place,  that  this  power  is  most  ener- 
getically exerted.  During  the  second,  or  more  strictly  putre- 
factive stage,  it  acquires,  however,  the  property  of  decomposing 
sugar.  If  erythrozym  be  mixed  with  a  solution  of  cane-sugar, 
and  the  mixture  be  allowed  to  stand  for  a  considerable  time  until 
gas  begins  to  be  disengaged,  the  solution  acquires  by  degrees  a 
decided  acid  reaction.  What  the  acid  is  which  is  thereby  formed, 
I  have  not  yet  ascertained. 

The  erythrozym  which  I  submitted  to  analysis,  was  prepared 
by  precipitating  it  from  an  extract  of  madder  with  tepid  water, 
by  means  of  alcohol,  collecting  it  ou  a  filter,  then  treating  it  re- 
peatedly with  boiling  alcohol  until  all  matter  soluble  therein  was 
removed,  and  then  washing  it  on  a  filter  with  cold  water  until 
the  percolating  liquid  no  longer  gave  a  precipitate  with  sugar  of 
lead,  after  which  it  was  rapidly  dried  in  the  water-bath.  It 
follows  from  the  analyses  which  I  have  made,  that  the  amount 
of  lime  which  it  contains  is  tolerably  constant,  and  that  it  must 
consequently  be  considered  as  a  definite  compound  of  an  organic 
substance  with  lime. 

I.  0-6220  grm.,  dried  at  100°  C.  and  burnt  with  oxide  of 
copper  and  chlorate  of  potash,  gave  0"86r0  carbonic  acid  and 
0-2365  water. 

0-7770  grm.  gave  0-4035  chloride  of  platinum  and  ammonium. 

0*9630  grm.  gave  on  being  incinerated  0-2350  carbonate  of 
lime. 
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II.  0*4885  grm.  of  another  preparation  gave  0*6865  carbonic 
acid  and  0*2060  water. 

0*1540  grm.  gave  on  being  incinerated  0*0370  carbonate  of 
lime,  containing  0*02076  lime  =  13*48  per  cent.  After  being 
treated  with  sulphuric  acid  and  again  heated,  it  weighed 
0*0500  grm.,  which,  estimated  as  sulphate  of  lime,  is  equivalent 
to  0*02062  lime  =  13*39  per  cent. 

From  these  numbers  may  be  deduced  the  formula  C^H^N^O'"' 
+  4CaO,  as  the  following  calculation  shows : — 


Eqs. 

Calculated. 

I. 

II. 

Carbon    . 

.     56 

336 

40*48 

40*93 

41-20 

Hydi'ogen 

.     34 

34 

4*09 

4-22 

4*68 

Nitrogen 

.       2 

28 

3*37 

3*26 

Oxygen   . 

.     40 

320 

38*57 

37*90 

Lime 

.       4 

112 

13*49 

13-69 

13-48 

830       100*00       100-00 

If  this  be  the  true  composition  of  erythrozym,  it  stands  in  a 
very  interesting  relation  to  that  of  rubian.  If  to  1  equiv.  of 
rubian  be  added  the  elements  of  2  equivs.  of  nitric  acid,  the 
sum  will  represent  the  composition  of  the  organic  substance 
contained  in  the  ervthrozym  in  combination  with  lime,  C^H**  0^^ 
+  2NO^  =  C^H3^'N-04o. 

I  shall  now  give  the  results  of  an  analysis  of  erythrozym  which 
had  been  employed  for  the  decomposition  of  a  quantity  of  rubian, 
and  then  treated  successively  with  cold  water  and  boiling  alcohol 
until  all  the  products  of  decomposition  were  entirely  removed. 

0*5330  grm.,  dried  at  100°  C.  and  burnt  with  oxide  of  copper 
and  chlorate  of  potash,  gave  0*8325  carbonic  acid  and  0*2220 
water. 

0*2780  grm.  gave  0*1835  chloride  of  platinum  and  ammonium. 

0*0645  grm.  gave  on  being  incinerated  0*0130  carbonate  of 
lime,  containing  0*00729  lime. 

These  numbers  lead  to  the  following  composition : — 


Eqs. 

Calculated. 

Found. 

Carbon    . 

52 

312 

44*82 

44*99 

Hydrogen     . 

32 

32 

4*59 

4*62 

Nitrogen 

2 

28 

4*02 

4*14 

Oxygen   . 

30 

240 

34*51 

34-95 

Linu' 

3 

84 

1206 

11-30 

696       100*00       100*00 

If  this  composition  be  compared  with  that  of  the  substance  in 
its  undccouiposed  state,  the  exact  nature  of  the  change  which  it 
undergoes  during  the  process  of  fermentation  will  be  apparent. 
It  appears  that  the  change  consisted  in  this  case  in  the  loss  of 

/W     J_i    fm 
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4t  atoms  of  carbonic  acid,  2  atoms  of  water  and  1  of  lime,  for 
C62 1132  x2  030  _j.  3CaO  +  4C02  +  2H0  +  CaO 

^C56H34^-2  040  +  4CaO. 

It  appears  also  that  no  loss  had  been  sustained  in  the  nitrogen. 
The  atom  of  lime  lost  was  probably  abstracted  by  the  carbonic 
acid  disengaged  at  the  same  time. 

In  order  to  obtain,  if  possible,  the  organic  substance,  which  is 
contained  in  the  erythrozym  in  combination  Avith  lime,  and  to 
which  the  name  of  erythrozym  ought  perhaps  to  be  restricted/ 
in  a  free  state,  I  prepared  an  extract  of  madder  with  tepid  water, 
and  added  to  it  tartaric  acid.  A  brown  precipitate  was  produced, 
which  was  collected  on  a  paper  filter,  washed  with  water  in  order 
to  remove  the  excess  of  acid,  then  treated  with  boiling  alcohol, 
imtil  everything  soluble  in  that  menstruum  was  removed,  and 
lastly,  washed  with  cold  water,  in  order  to  separate  any  pectic 
acid  which  might  be  present ;  after  which  it  was  dried.  Its 
analysis  showed,  however,  that  the  acid  had  removed  only  half 
of  the  lime,  and  that  the  substance  itself  must,  during  the  pro- 
cess of  purification,  have  undergone  decomposition. 

O'o69o  grm.,  burnt  with  oxide  of  copper  and  chlorate  of 
potash,  gave  0-9585  carbonic  acid  and  0'2600  water. 

0"5940  grm.  gave  on  being  incinerated  0'0900  carbonate  of 
lime,  containing  0-0505  lime  =8-50  per  cent. 

0-2835  grm.  gave  on  being  incinerated,  and  then  treated  with 
sulphuric  acid,  0-0560  sulphate  of  lime,  containing  0-02310  lime 
=8-14  per  cent.  The  average  per-centase  of  lime  was  therefore 
8-32. 

The  nitrogen  was  not  determined;  but  presuming  no  loss  to 
have  taken  place  in  that  constituent,  then  these  numbers  corre- 
spond to  the  following  composition  : — 

Carbon    . 
Hydrogen     . 
Nitrogen 
Oxygen   .     . 
Lime       .     . 

650       100-00 

It  appears,  therefore,  that  the  decomposition  of  the  substance 
had  advanced  in  this  case  still  further  even  than  in  the  last,  as 
it  contained  2  equivs.  of  water  less. 

The  last  specimen  I  examined  was  one  which  was  prepared  in 
the  usual  manner  by  precipitation  with  alcohol,  then  mixed  with 
water  and  allowed  to  decompose  until  bubbles  of  gas  began  to  be 
disengaged,  and  the  smell  peculiar  to  this  substance  when  in  a 


Eqs. 

Calculated. 

Foimd. 

52 

312 

48-00 

47-68 

30 

30 

4-61 

5-07 

2 

28 

4-30 

28 

221 

34-48 

2 

56 

8-61 

8-32 
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state  of  putrefaction  beg-an  to  be  emitted,  then  treated  with 
boiling  alcohol  until  nothing  more  was  dissolved,  and  dried. 

0*4630  grm.,  obtained  in  this  manner  and  burnt  with  oxide  of 
copper  and  chlorate  of  potash,  gave  0*7260  carbonic  acid  and 
0-1760  water. 

0'.5270  grm,  gave  0*2705  chloride  of  platinum  and  ammonium. 

0*2990  grm.  gave  on  being  incinerated  0*0720  carbonate  of 
lime,  containing  0*04040  lime  =  13*51  ])er  cent.  After  treat- 
ment with  sulphuric  acid,  this  yielded  0*0980  sulphate  of  lime, 
containing  0*040  i3  lime  =  13*52  per  cent. 

In  100  parts  it  therefore  consisted  of — 

Carbon 45*65 

Hydrogen 4*22 

Nitrogen 3*22 

Oxygen 33*40 

Lime 13*51 

The  only  formula  with  which  this  composition  agrees,  and 
which   is  at  the  same  time  in  accordance  with  the  preceding 
formulEe,  is  C^^HSsijvjiA  qib  ^  sc^O,  which  requires  in  100  parts- 
Carbon    46*60 

Hydrogen 4*25 

Nitrogen 3*13 

Oxygen 33*48 

Lime  .**....     12*54 

From  this  formula  it  may  be  inferred,  that  during  the  further 
progress  of  decomposition  erythrozym  loses  ammonia  in  addition 
to  carbonic  acid  and  water,  for 

Co2  H28i  jyT  lA  Q-28  4. 400^  +  4H0  +  mW = C^'H^N^O^o. 


I  shall  conclude  this  jjart  of  my  paper  with  a  few  remarks  on 
the  vexata  qiuestio  of  the  existence  or  non-existence  of  more  than 
one  colouring  matter  in  the  madder  root.  Robiquct,  the  disco- 
verer of  alizarine,  attributed  the  tinctorial  power  of  madder  partly 
to  that  substance  and  partly  to  another,  on  which  he  bestowed 
the  name  of  purpurine.  Gaultier  de  Claubry  and  Persoz  were 
of  opinion  that  there  are  two  colouring  matters  in  madder. 
Runge  has  described  three  substances  obtained  by  him  from 
madder,  all  of  which  he  considers  as  colouring  matters  plaving  a 
part  in  the  process  of  madder  dyeing.  Schiel,  Debus  and  ^Volff 
and  Strccker  all  assume  tlie  existence  of  two  distinct  colouring 
matters.  Notwithstanding,  however,  the  array  of  authority  in 
favour  of  this  view,  I  have  never  been  able  to  convince  myself 
that  the  entire  tinctorial  power  of  madder  was  not  due  to  aliza- 
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rine  alone,  and  that  conseqiicutly  all  substances  derived  from 
madder,  if  endowed  with  any  such  power,  owe  it  to  their  con- 
tainino;  alizarine;  and  after  having  isolated  and  examined  the 
primitive  substance,  from  which  all  the  bodies  in  madder  endowed 
with,  a  red  or  yellow  colour,  or  capable  of  producing  these  colours, 
are  derived,  and  after  having  exposed  this  substance  to  the  in- 
fluence of  all  the  reagents  with  which  madder  itself  under  ordi- 
nary circumstances  is  brought  into  contact,  I  find  myself  entirely 
confirmed  in  my  opinion.  I  should  indeed  think  it  unnecessary 
to  add  anything  confirmatory  of  the  conclusions  which  must 
suggest  themselves  at  once  from  the  perusal  of  the  preceding 
pages,  but  as  INIessrs.  Wolff  and  Strecker  have  made  it  one  of 
the  special  objects  of  their  investigation  to  prove  the  exist- 
ence of  more  than  one  colouring  matter  in  madder,  I  think  it 
may  not  be  out  of  place  here  to  add  a  few  remarks  to  show 
how,  in  my  opinion,  these  chemists,  as  well  as  their  predeces- 
sors, have  been  misled,  and  also  to  give  an  account  of  some 
experiments  still  further  confirmatory  of  the  opinion  which  I 
have  always  held. 

The  second  colouring  matter,  w^hich,  according  to  the  chemists 
just  mentioned,  exists  in  madder  in  addition  to  alizarine,  and 
which  has  received  at  various  times  the  names  of  purpurine, 
madder-purple,  and  ox5dizaric  acid,  possesses,  accordmg  to  those 
observers,  the  property  of  being  easily  soluble  with  a  red  colour 
in  boiling  alum  liquor.  Wolfi"  and  Strecker  assert  that  this  sub- 
stance is  peculiarly  a  product  of  fermentation,  and  in  order  to 
prepare  it,  they  mix  madder  with  water  and  yeast,  allow  the 
mixture  to  stand  in  a  warm  place  until  the  effervescence  pro- 
duced by  fermentation  has  ceased,  and  the  liquid  has  acquired  a 
strong  acid  reaction  and  contains  alcohol,  after  which  they  strain 
the  liquid  through  a  cloth,  wash  the  mass  on  the  cloth  \\ith 
water,  and  then  treat  it  with  boiling  alum  liquor.  From  the  bright 
red  sohition  a  substance  separates  on  cooling  in  red  flocks,  which, 
as  well  as  the  orange-coloured  flocks  produced  by  adding  sul- 
phuric acid  to  the  liquid,  consist,  according  to  them,  entirely  of 
purpurine  without  any  trace  of  alizarine.  They  purify  it  by  cry- 
stallization from  alcohol.  Now  I  have  shown  above  that  the 
fermentation  of  madder,  which  is  in  fact  synonymous  with  the  fer- 
mentation of  rubian,  is  due  to  the  action  of  a  peculiar  substance, 
which  I  have  called  erythrozym,  on  rubian ;  that  the  action  of 
this  substance  is  very  rapid ;  that  it  is  not  accompanied  by  any 
disengagement  of  gas ;  that  it  is  terminated  long  before  any 
effervescence  or  any  acid  reaction  of  the  liquid  begins  to  appear ; 
that  the  products  of  the  action  do  not  differ  essentially  from 
those  due  to  the  action  of  acids  and  alkalies ;  that  the  formation 
of  alizarine  in  about  the  same  proportion  as  when  acids  or  alka- 
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lies  are  employed  is  one  of  the  results  of  the  process,  and  that 
yeast  exerts  no  decomposing  power  on  rubian  whatever.  Hence 
it  necessarily  follows,  that  if  the  purpurine  of  Wolff  and  Strecker 
be  not  found  as  such  among  the  products  of  the  fermentation  of 
rubian,  it  must  consist  of  a  mixture  of  two  or  more  of  those 
products. 

Now  I  have  mentioned  in  the  first  part  of  this  paper,  that 
though  alizarine  and  vcrantine  are  both  perfectly  insoluble  in 
boiling  alum  liquor  when  acted  on  separately,  yet  that  when  a 
mixture  of  both  is  employed,  the  mixture  is  found  to  be  soluble 
in  alum  liquor  with  the  colour  characteristic  of  purpurine. 
Hence  I  concluded  that  purpurine  is  in  fact  a  mixture  of  those 
two  substances,  a  view  with  which  all  that  is  mentioned  regard- 
ing purpurine  completely  coincides.  I  may  mention  incidentally^ 
that  in  making  this  experiment  it  is  necessary  to  treat  the  vcran- 
tine with  a  little  dilute  nitric  acid,  in  order  to  destroy  the  aliza- 
rine which  usually  accompanies  it,  and  then  to  remove  the  acid  by 
washing  with  water  before  employing  it,  and  that  it  generally 
succeeds  best  when  a  large  excess  of  alizarine  is  used. 

To  this  synthetical  proof  of  the  opinion  here  advocated,  I  will 
now  add  a  few  analytical  ones.  I  will  show,  in  the  first  place, 
that  purpiu'ine  prepared  in  the  manner  mentioned  by  Wolff  and 
Strecker  is  a  substance  of  very  variable  composition,  but  that 
the  variations  in  its  composition  may  be  easily  explained  by 
supposing  it  to  consist  of  alizarine  and  vcrantine  in  different 
proportions;  and  secondly,  that  by  treatment  with  nitric  acid 
purpurine  yields  unchanged  vcrantine  and  an  acid,  which 
is  identical  with  that  formed  by  the  action  of  nitric  acid  on 
alizarine. 

In  the  course  of  my  investigation  I  obtained  at  the  termina- 
tion of  the  process  for  separating  the  products  of  the  fermentation 
of  rubian,  an  alcoholic  liquid,  from  which  the  vcrantine  had  been 
deposited,  but  still  containing  a  substance,  which,  from  its  solu- 
bility in  alum  liquor,  would  by  most  chemists  be  called  purpu- 
rine. This  substance  was  precipitated  from  the  solution  with 
water.  Its  colour  was  brownish-yellow.  It  was  treated  with 
boiling  alum  licjuor,  to  which  it  communicated  a  bright  red 
colour.  The  liquid  was  filtered  boiling  hot,  and  deposited  on 
cooling  a  ([uantity  of  red  fiocks.  The  residue  was  treated  with 
fresh  quantities  of  aluin  liquoi',  until  on  cooling  very  few  fiocks 
separated.  A  great  proportion  of  the  substance  employed  re- 
mained undissolved.  The  flocks  deposited  from  the  alum  liquor 
were  collected  on  a  filter,  and  washed  with  water  in  order  to 
remove  all  the  alum.  After  drying  they  formed  a  dark  reddish- 
brown  powder,  which  was  almost  entirely  soluble  in  alcohol. 
The  alcoholic  solution  left  on  evaporation  a  bright  red  mass,  in 
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which    110   trace  of  anything   crystalline  was  discernible.     Its 
analysis  gave  the  following  results : — 

0-4-820  grm.  gave  1-1240  carbonic  acid  and  0'1800  water. 
0-8060  grm.  left  on  being  incinerated  0"0310  alumina  =  3*84 
per  cent. 

After  making  the  proper  correction  for  the  alumina^  the 
quantity  of  which,  in  relation  to  that  of  the  other  constituents, 
seems  to  be  indetinite,  these  numbers  correspond  in  100  parts 
to— 

Carbon 66-13 

Hydrogen 4-31 

Oxygen 29*56 

This  composition  does  not  differ  very  widely  from  that  given 
for  oxvlizaric  acid  by  Debus. 

Now  the  formula  C^s  W  O^"  ==  C"^  IP  0^  +  3C>''  IP  0'  requires 
in  100  parts — 

Carbon 66-14 

Hydrogen 3-93 

Oxygen 29-93 

A  quantity  of  material  similar  to  the  last,  obtained  on  a  dif- 
ferent occasion,  was  treated  in  the  same  way  with  boiling  alimi 
liquor,  and  the  deposit  formed  on  the  liquor  cooling  was  sub- 
mitted to  analysis.  It  had  a  much  lighter  colour  than  the 
preceding,  and  when  dissolved  in  alcohol,  the  latter  left  on 
evaporation  crystals,  a]i])arently  of  alizarine,  mingled  with  red 
crystalline  masses  resembling  impure  alizarine. 

0-4000  grm.  gave  0-9870  carbonic  acid  and  0-1390  water. 

0'3840  grm.  left  on  being  incinerated  0-0060  alumina  =  l-56 
per  cent. 

After  making  the  necessary  correction  for  the  alumina,  these 
numbers  correspond  in  100  parts  to — 

Carbon 68-36 

Hydrogen 3-92 

Oxygen 27'72 

The  formula  O^^  H=o  0' '  =  3C"  H^  0"*  +  C^^  H'^  0"^  requires  in 
100  parts- 
Carbon    68-29 

Hydrogen     .     .     .     -     .       4-06 

Oxygen 27-65 

These  two  specimens  therefore  of  a  substance  prepared  in  the 
same  way,  both  of  which  would,  according  to  the  definition  of 
Wolff  and  Strccker,  pass  for  purpurine,  possessed  a  composition, 
which  in  the  one  case  corresponded  to  a  mixture  of  1  equiv.  of 
alizarine  and  3  equi\s.  of  verantine,  in  the  other  case  to  a  mix- 
ture of  3  equivs.  of  alizarine  and  1  equiv.  of  verantine.     A  still 
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more  manifest  proof  of  the  fact  of  purpurine  not  being  a  substance 
of  uniform  composition,  is  derived  from  an  examination  of  the 
liquid  from  which  these  specimens  were  deposited.  To  the  bright 
red  hquid  from  which  the  last  was  deposited,  I  added  after  fil- 
tration muriatic  acid  and  boiled.  A  yellow  precipitate  was  pro- 
duced, which  was  collected  on  a  filter  and  washed.  A  small  quan- 
tity of  it  being  dissolved  in  alcohol,  the  alcohol  left  on  evapora- 
tion crystals  of  apparently  ])urc  ahzariue.  Its  analysis  also 
showed  that  it  consisted  of  alizarine  almost  in  a  state  of  purity. 
0-2390  grm.  gave  O'GOiO  carbonic  acid  and  0-0980  water. 
In  100  parts  it  contained  therefore — 

Alizarine. 
Carbon     ....     68-92  69-42 

Hydrogen      ...       4-55  4-13 

Oxygen    ....     26-53  26-45 

I  now  prepared  some  so-called  purpurine  from  garancine. 
The  garancine  was  treated  \nth  boiling  alum  liquor,  and  the 
liquor  was  strained  boiHng  hot  through  calico.  On  cooling  there 
was  formed  a  copious  deposit,  which  was  redissolved  in  fresh 
alum  liquor.  The  deposit  formed  this  time,  which  was  very 
trifling,  was  separated,  and  the  substance  contained  in  the  liquid 
was  preci})itated  with  muriatic  acid.  The  precipitate  was  yellow. 
Its  analysis  proved  it  to  be  almost  pure  verantinc. 

0-3685  grm.  gave  0-8760  carbonic  acid  and  0-1400  water. 
In  100  parts  it  contained  thei'eforc — 

Verantine. 
Carbon     ....     64-83  65-11 

Hydrogen      .     .     .       4-22  3-87 

Oxygen     ....     30-95  31-02 

It  appears  therefore  that  the  substance  called  purpurine  cannot 
even  be  called  a  compound  of  alizarine  and  verantine,  for  it 
consists  sometimes  of  one  alone,  sometimes  of  the  other,  some- 
times of  a  variable  mixture  of  both. 

I  now  treated  some  purpurine,  made  in  the  same  manner  as 
the  last,  with  boiling  dilute  nitric  acid.  Nitrous  acid  was  disen- 
gaged, the  bulk  of  the  substance  diminished  very  much,  and  its 
colour  became  lighter.  After  the  action  was  completed,  I 
allowed  the  liquid  to  cool,  added  water,  collected  tlie  yellow 
flocks  on  a  filter,  and  washed  them  with  water  to  remove  all  the 
acid.  After  drying  their  colour  was  brownish-yellow,  similar  to 
that  of  pure  verantine. 

0-3820  grm.  gave  0-9070  carbonic  acid  and  0-1240  water. 
In  100  parts- 
Carbon    64-72 

llvdroi^en 3-60 

Oxygen 31-68 
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Its  composition  therefore,  with  the  exception  of  a  slight  defi- 
ciency in  the  amonnt  of  hydrogen,  was  that  of  verantine. 

The  acid  liquid  filtered  from  the  substance  was  evaporated 
almost  to  dryness,  when  it  yielded  a  quantity  of  yellow  crystals. 
These  were  washed  with  cold  water,  and  then  redissolved  in  a 
little  boiling  water.  The  boiling  solution  was  decolorized  with 
animal  charcoal,  and  after  being  filtered  boiling  hot  deposited 
on  cooling  a  quantity  of  colourless  crystals,  having  the  appearance, 
and  as  their  analysis  showed,  the  composition  of  Laurent^s  naph- 
thalic  acid. 

0"5230  grm.  gave  1'1020  carbonic  acid  and  0'1770  water. 

In  100  parts— 

Naphthalic  acid. 
Carbon     ....     57-46  57-83 

Hydrogen      ...       3-76  3-61 

Oxygen    .     .     .     .38-78  38-56 

Wolfi"  and  Strecker  mention,  that  purpurine  yields  this  acid 
when  subjected  to  the  action  of  nitric  acid,  but  the  verantine 
which  is  found  in  an  undecomposed  state,  after  the  action  of  the 
nitric  acid  has  ceased,  seems  to  have  eluded  their  observation. 

From  these  experiments  I  infer  that  purpurine,  madder-purple, 
and  the  various  similar  bodies  derived  from  madder,  owe  their 
property  as  colouiing  matters  to  an  admixtui'e  of  alizarine,  and 
that  they  simply  consist  of  the  latter  substance  in  a  state  of  im- 
punity. 

LXXX.  Mathematics  and  Mathematicians.  The  Journals  of  the 
late  Reuben  Burrow.  By  T.  T.  Wilkixsox,  Esq.,  F.R.A.S., 
and  Corresponding  Member  of  the  Manchestei'  Literary  and 
Philosophical  Society. 

[Continued  from    p.  193.] 
No.  II. 

SINCE  the  preceding  article  of  this  series  was  written,  the  in- 
defatigable Astronomer  Royal  has  communicated  a  paper 
to  the  Royal  Society  which  sets  at  rest  the  occurrence  of  an 
eclipse  when  Xerxes  was  setting  out  from  Sardes  on  his  expedi- 
tion to  Greece  (Phil.  Mag.  March  1853,  pp.  216-218). 

"  The  author  thinks  it  most  likely  that  the  phsenomenon 
really  was  the  total  eclipse  of  the  moon  which  occurred  on  the 
morning  of  March  14,  B.C.  479 ; "  but  Mr.  Burrow  appears  to 
have  been  led  to  the  conclusion  that  an  eclipse  of  the  sun  must 
have  taken  place  about  the  same  period,  as  is  evident  from  a 
memorandum  which  I  have  since  met  with,  as  follows,  in  an  ob- 
scure corner  of  some  disfigured  leaves  at  the  end  of  the  Journal. 

"  In  the  year  478  before  Christ. 
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"  Costard  has  treated  this  echpse  particularly  in  a  disser- 
tation. 

"  Apparent  conjunction  at  Smyrna,  35  minutes  past  12  at 
noon;  lli  digits  eclipsed/' 

The  disfigured  pages  to  which  I  allude  arc  mostly  occupied 
by  rough  sketches  of  the  diagrams  belonging  to  the  geometrical 
papers  inserted  in  the  first  number  of  Carnan's  Diary.  One  of 
these  has  reference  to  the  properties  of  Halley's  Diagram,  which 
has  since  been  found  so  prolific  of  relations  in  the  hands  of 
Davies,  Weddle  and  Elliott,  under  the  title  of  HorcB  Geome- 
trica ;  another  belongs  to  the  "  very  useful  Lemma  "  that  '^  the 
difference  of  any  two  sides  of  a  plane  triangle  is  less  than  the 
third  side''  (Diaiy,  1776,  p.  34); — of  the  rest  several  relate  to  the 
papers  on  "  Geometrical  Sums  and  Differences,"  "  Limits  of 
Geometrical  Quantities ; "  and  one  or  two  appear  to  have  been 
sketched  when  considering  the  "  very  difficult  problems  on  the 
maxima  and  minima,"  subsequ£ntly  proposed  as  prize  questions 
in  his  Diary.  A  "  List  of  Oxford  and  Cambridge  terms,"  and 
a  series  of  notes  on  the  "  Eclipses  in  1776,"  which  occur  among 
these  fnde  sketches,  with  a  memorandum  to  "  fake  the  rest  from 
the  Ephemeris/'  afford  sufficient  evidence  that  the  Lady's  and 
Gentleman's  Diary  was  in  active  preparation,  and  suggest  the 
reflection  that  at  all  events  ]Mr.  Burrow  knew  "  how  to  make 
an  Almanack,"  whatever  might  be  the  defects  of  Hutton  and 
Maskelyne, 

"  September  10,  1775.  Messrs.  Wales,  Bayly  and  Todd 
called  upon  me  at  night,  and  Wales  proposed  a  question  which 
I  told  him  how  to  solve  directly  by  means  of  a  hyperbola.  He 
seemed  to  think  that  I  had  not  used  Maskelyne  well,  but  said 
little  about  it.  I  mentioned  that  I  had  done  a  good  deal  about 
Euclid's  Porisms,  and  we  had  some  talk  about  the  method  of 
the  Ancients.  I  told  him  that  Dr.  Horsley's  book  De  Inclina- 
tionibits  was  much  longer  than  it  need  to  be ; — I  also  showed 
him  my  paper  about  Perfect  Numbers,  and  he  offered  me  a  ques- 
tion, biit  desired  me  to  put  it  under  Thomas  Barker's  name,  so 
I  refused  it.  AVe  afterwards  went  out  and  called  upon  Keech, 
but  he  was  not  at  home.  I  told  Bayly  that  I  should  put  a 
method  of  placing  a  sector  in  the  plane  of  the  meridian  into  my 
Almanack,  and  he  said  that  Maskelyne  had  mentioned  some  such 
method  to  the  Royal  Society  when  the  paper  about  the  business 
was  read  when  I  was  not  there.  Bayly  said  that  Maskelyne  got 
great  jiraise  for  speaking  so  favourably  of  me  in  his  paper.  I 
asked  him  why  ?  lie  said  that  Maskelyiic  stated  that  I  did  all 
the  surveying  [at  Schiehallieu]  and  found  out  all  the  methods  for 
doing  it.  I  asked  whether  he  also  mentioned  what  I  had  done 
about  the  observations,  and  he  said  that  Maskelyne  did  not.     I 
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told  them  that  he  ought  to  have  stated  that  I  had  put  up  all  the 
instruments  and  drawn  the  meridian  line,  and  also  put  the  in- 
strument in  order  when  he  was  at  a  loss  how  to  do  it.  Bayly 
disputed  this,  so  I  told  him  he  Avas  at  liberty  to  think  as  he 
pleased,  but  that  was  a  fact  which  I  supposed  iNIr.  IMaskelyne 
would  not  deny.  Wales  mentioned  the  Sieve  of  Eratosthenes, 
which  led  to  a  deal  of  conversation. 

"  Mem.     To  call  on  Carnan  on  Friday  noon." 

]\Ir.  AVilliam  Bayly  was  a  respectable  astronomer  aud  mathe- 
matician, who  filled  the  office  of  assistant  to  the  Astronomer 
Royal,  Dr.  Maskeljme,  for  several  years.  In  1769  he  was  sent 
out  by  the  Royal  Society  to  the  North  Cape,  to  observe  the  tran- 
sit of  Venus ;  he  subsequently  accompanied  Captain  Cook  in  his 
second  and  third  voyages,  and  on  the  decease  of  ]\Ir.  George 
Witchell,  Avas  appointed  as  his  successor  in  the  mastership  of  the 
Royal  Naval  Academy  at  Portsmouth.  It  does  not  appear  that 
Mr.  Burrow  ever  published  anything  relating  to  Euclid's  Porisms, 
but  the  following  note  found  in  his  copy  of  Dr.  Simson's  Locis 
Planis,  now  in  my  possession,  will  show  that  at  the  time  it  was 
written  he  had  advanced  no  further  in  the  subject  than  to  be 
able  to  transform  the  enunciation  of  a  Locus  into  a  Local  Problem, 
under  the  idea  that  by  this  process  he  had  obtained  the  enun- 
ciation of  a  Porism. 

"  On  Porisms.  If  in  the  enunciations  of  the  Propositions, 
which  are  now  in  the  form  of  Theorems,  the  hypothesis  was  to 
remain  as  it  is,  and  instead  of  saying  '  the  Locus  will  be  such  a 
line,  &c. ; '  if  it  was  required  to  determine  Avhat  the  Locus 
would  be : — then  all  this  book  (Simson's  Apollomus  de  Locis 
Planis)  would  be  exactly  in  the  foi*m  of  Porisms,  except  the  latter 
part  of  each  proposition,  which  shows  the  composition,  or  how 
to  determine  the  Locus.  For  example,  if  Prop.  YIII.  had  been 
in  this  form  : — ^  if  from  a  given  point  two  right  lines  be  di'awn  in 
directum,  containing  a  given  space,  and  one  of  them  touch  a  right 
line  given  in  position ;  required  to  shew  in  what  line  the  other 
point  will  always  fall : ' — this  would  be  in  the  form  of  a  Porism. 
In  most  of  the  problems  in  Ajjollonius  de  Locis  Planis,  in  Theo- 
rems, altered  as  above,  instead  of  right  line  and  circle,  &c.,  sub- 
stitute Conic  Section,  &c.,  and  see  what  Avould  be  the  result  of 
such  an  inquiry."  (Mech.  Mag.  No.  1437.) 

His  opinions  respecting  the  opcrose  character  of  Dr.  Horsley's 
restoration  oi  Apollonii  Pergm  IncUnationes  Oxonii,  1770,  are 
frequently  enforced  in  his  Diaries  for  1777—1779,  and  received 
an  elegant  and  practical  illustration  in  a  Restitution  of  the  Geo- 
metrical Treatise  of  Apollonius  Pergseus  on  Inclinations,  which 
he  published  and  dedicated  to  the  Right  Honourable  Lord 
Viscount  Townsend  in  the  latter  year.     The  papers  on  Perfect 
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Numbers  and  on  placing  a  Zenitli  Sector  in  the  plane  of  the 
Meridian,  occur  as  Articles  II.  and  III.  in  the  first  number  of 
the  Diary,  but  I  have  not  been  able  to  find  that  ]\Ir.  Wales  ever 
had  any  connexion  with  this  periodical,  either  anonymously  or 
otherwise.  Mr.  Burrow's  opposition  to  Dr.  ^Maskelyne  does  not 
appear  to  have  rested  on  good  grounds,  and  there  is  little  doubt 
that  many  of  his  supposed  injuries  were  merely  imaginary.  All 
who  are  acquainted  with  the  writings  and  labours  of  this  Astro- 
nomer Royal  will  not  place  much  credit  in  siich  depreciations  of 
scientific  character  as  are  exhibited  in  this  extract ;  whdst  the 
fact  that  the  mutual  friends  of  both  parties  disapproved  of  Mr. 
Burrow's  views  and  conduct,  affords  strong  presumptive  evi- 
dence that  Dr.  Maskelyne's  proceedings  are  not  represented 
under  their  real  character.  In  a  subsequent  extract  we  shall 
find  that  Mr.  Burrow  had  an  advertisement  in  the  St.  James's 
Chronicle  relating  to  these  differences,  but  I  have  not  been  able 
to  ascei'tain  its  nature. 

"  September  25.  I  came  to  Greenwich  to  call  on  Collins,  but 
he  was    not  at  home.     Coming   through  Lee  Churchyard,   I 
copied  the  following  epitaph  from  the  tombstone  of  Dr.IIalley: — 
"  *  Sub  hoc  marmore 
Placide  requiescit  cum  uxore  carissima 

Edmundus  Halleius,  LL.D. 
Astronomorum  sui  s?eculi  facile  princeps. 

Ut  vero  scias  Lector, 
Qualis  quantusque  vir  ille  fuit, 

Scripta  ejus  multifaria  Lege, 

Quibus  omnes  fere  artes  et  scientias 

Illustravit,  ornavit,  amplificavit, 

xEquum  est  igitur, 
Ut  quem  cives  sui  vivum 

Tautopere  colucrc 
Memoriam  ejus  posteritas 
Grata  venerctur. 
Natuus   1     ,  V  p  /MDCLVI. 
]\Iortuus/^^^  ^^•^•\MDCCXLII. 
Hoc  saxum  optimis  parentibus 
Sacrarunt  duai  filirc  pientissim;e 
Anno  C.  :\IDCCXLII.' 
Here  is  also  interred  Margaret  Halley,  the  eldest  daughter  of 
the  above  Dr.  Halley.     She  died  on  the  3rd  of  October,  ITl^S, 
in  the  55th  year  of  her  age.    Also  !Mrs.  Catharine  Price,  youngest 
daughter  of  the  above  Dr.  Halley,  who  died  November  lOth, 
1765,  aged  77  years,  and  ^Ir.  Henry  Price  her  husband." 

"  Mem.   To  call  on  Lord  Cavendish  next  Tuesday   at    10 
o'clock. 
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"  October  16.     I  leut  Mr.  Clarke  .€1  2^.  6d. 

"  October  18.  Leut  Mr.  Clarke  two  shillings. 

"  October  28.  I  let  Mr.  Clarke  have  haJf-a-guiuea. 

"  Since  the  above  was  viTitteu  I  lost  my  ink-bottle,  and  the 
tailor  made  my  coat  without  a  side-pockety  which  is  the  reason 
why  I  neglected  to  keep  my  Diary  as  I  used  to  do.  I  put  up 
for  the  place  of  INIathematical  Master  of  Christ's  Hospital  and 
lost  it. 

"  December  26.  I  called  on  Clarke  and  went  to  New  Square, 
where  I  found  a  note  for  me  to  wait  on  Mr.  Humfrey,  junior, 
in  the  Tower.  Waited  on  him,  and  am  to  go  tomorrow  to  give 
him  a  Lesson  in  Geometry. 

"  December  28.  Did  nothing  or  worse ;  was  with  Rogers  in 
Chancery  Lane. 

"  January  6,  1776.  Was  at  the  Nest,  and  Isaac  Dalby  was 
there. 

"  January  12,  Called  and  supped  with  Mr.  Robertson  at  the 
Royal  Society.  In  conversation  j\Ir.  Robertson  said  that  Mr. 
William  Jones,  who  was  Secretary  to  the  Royal  Society,  lived  in 
Beaufort's  Buildings.  He  was  a  little  shortfaced  Welshman, 
and  used  to  treat  his  mathematical  friends  with  a  great  deal  of 
roughness  and  freedom.  He  rated  ^Ir.  Thomas  Simpson  in  such 
a  manner  about  his  paper  against  De  ]Moivre,  that  Simpson  said 
he  would  never  go  to  see  him  more,  but  he  did  see  him  again  how- 
ever. Gardiner,  the  Logarithm  fellow,  and  Dodson  he  used  to 
treat  very  harshly.  ]Mr.  John  Robertson  was  his  great  favom'ite  : 
the  first  of  their  acquaintance  was  caused  by  Mr.  Robertson's 
book  of  Mensuration.  ^Ir.  Jones  asked  Dr.  Bevis  if  he  knew 
the  author,  when  the  Doctor  replied  that  he  was  a  young  man 
of  his  acquaintance.  '  Tell  the  young  man,'  Said  Jones, '  I  should 
like  to  see  him.'  On  Mr.  Robertson  calling,  Mr,  Jones  told  him 
there  was  an  error  in  his  book,  and  gave  him  some  papers  to  copy 
where  it  was  corrected.  After  some  few  visits,  Jones  began  to 
take  the  liberty  of  talking  in  his  harsh  manner  to  Mr.  Robert- 
son, and  he  took  it  once  or  twice,  but  finding  that  it  increased, 
he  resolved  to  take  it  no  longer,  and  began  to  retort.  Jones 
seemed  suqjrised  to  find  that  INIr,  Robertson  had  more  spirit 
than  others  had  exhibited,  but  never  talked  to  him  in  that  strain 
again,  and  ever  afterwards  treated  him  with  the  greatest  kind- 
ness. It  was  Mr.  Jones's  failing  to  be  always  speaking  of  the 
faults  of  his  mathematical  acquaintances : — one  was  conceited, 
another  was  obstinate;  this  was  ignorant,  and  that  had  some 
fault  or  other.  His  remarks,  however,  were  generally  shrewd 
and  satirical.  He  left  a  whole  Course  of  IMathematics  nearly 
ready  for  the  press,  and  Mr.  Robertson  was  to  have  had  the  care 
of  printing  them,  but  when  Mrs.  Jones  found  that  it  could  not 
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be  done  without  incumn^  considerable  expense  she  dropped  the 
intention  of  publishing,  although  her  husband  (^Ir.  Jones)  died 
worth  some  two  or  three  thousand  pounds.  Mr.  Jones  left  his 
library,  which  was  considered  the  most  curious  and  valuable  of 
any  at  that  time,  to  Lord  ]Macclesfield,  who  was  veiy  anxious  to 
publish  a  catalogue  of  it,  which  Jones  had  made  out  after  a  veiy 
curious  method.  This  manuscript  catalogue  was  shown  to  Dr. 
Bliss,  who  was  afterwards  Astronomer  Royal,  and  he  pretended 
that  the  Latin  was  very  erroneous  in  the  declensions  and  cases, 
and  that  it  would  be  an  endless  piece  of  business  to  write  the 
manuscript  over  again  corrected.  This  was  occasioned  by  a 
pique  that  Bliss  had  against  Jones,  for  the  latter  refusing  him 
a  copy  of  the  Abstract  of  the  Conic  Sections,  which  was  after- 
wards printed  by  Mr.  Robertson  in  the  Philosophical  Trans- 
actions. When  Bliss  ajiplied  for  the  copy,  Mr.  Jones  made  ex- 
cuses and  pretended  he  had  not  got  them  by  him,  but  when  he 
next  saw  Mr.  Robertson  he  told  him  that  he  had  refused  Dr. 
Bhss  a  copy  for  the  following  reasons  : — '  In  the  first  place,  if  I 
gave  them  to  him  he  does  not  understand  them,  and  in  the  next 
it  is  the  way  of  the  ])arsons  to  make  everything  they  can  get 
their  own ;  besides,  he  would  probably  give  them  out  at  the  Uni- 
versity, and  then  some  of  them  would  publish  the  properties  as 
their  own,  and  I  do  not  know  but  that  I  may  some  time  or  other 
\\ash  to  publish  them  myself.^  His  Course  of  Mathematics,  and 
other  papers  which  he  had  intended  to  publish,  fell  into  Lord 
Macclesfield's  hands,  who  about  this  time  had  an  electioneering 
aifair  against  Sir  Francis  Dashwood,  in  Oxfordshire,  which  cost 
him  more  than  a  hundred  thousand  pounds,  and  almost  ruined 
him.  After  this  he  kept  no  accounts,  and  also  married  impro- 
perly ;  his  family  were  in  confusion,  and  when  he  died  Lady 
Macclesfield  ordered  all  his  papers  to  be  burned  except  such  as 
related  to  money  matters.  jMr.  Jones's  papers  were  never  heard 
of  more,  and  some  think  they  were  burned  among  the  rest,  but 
Horsfall  of  the  Temple,  who  was  one  of  those  employed,  says 
that  there  were  no  such  pa})ers  among  those  that  were  destroyed. 
Others  say  that  a  number  of  pai)ers  were  sent  down  to  Sher- 
borne Castle  in  the  late  Lord's  lifetime,  and  that  the  present 
Lord  has  them  yet  in  his  possession,  although  he  may  not 
know  it. 

"  January  16.  My  advertisement  about  Maskelyne  was  in  the 
St.  James's  Chronicle. 

"  Major  AA  atson  sent  for  mc  and  told  me  he  had  spoken  to 
Lord  Townscnd  about  making  an  apj)ointment  in  the  Tower  for 
a  master  to  teach  mathematics  to  the  cadets  in  the  Drawing 
Room,  and  that  he  had  recommended  me  to  fill  the  place. 

*'  January  2L  I  called  on  Mr.  Robertson  and  dined  with  him. 
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He  told  me  that  in  the  latter  part  of  Sir  Isaac  Newton's  life, 
when  foreigners  nsed  to  ask  him  questions  about  mathematical 
subjects,  he  used  to  inform  them  that  he  had  no  time  to  apply 
himself  to  such  subjects,  but  if  they  would  apply  to  Dr.  Brook 
Taylor,  he  would  resolve  them  anything  they  might  desire/' 

From  several  successive  entries  in  this  portion  of  the  Journal, 
it  would  ajipcar  that  ]\Ir.  Burrow  was  pretty  fully  oecu])ied  with 
private  pupils,  amongst  whom  Mv.  Humfrey,  "  ]Mr.  Chapman, 
the  schoolmaster  at  Hedrifl',"  !Mr.  Grove  and  his  two  sons,  are 
most  frequently  mentioned.  His  associates  at  this  time  com- 
prised most  of  the  ablest  members  of  the  Spitalfields  jNIathe- 
matical  Society ;  the  name  of  Mr,  Dalby,  afterwards  Professor 
Dalby  of  the  Boyal  ]Military  College,  Sandhurst,  occurs  on  several 
occasions  as  having  been  in  his  company  and  on  terms  of  great 
intimacy.  ^Ir.  Dalby  was  in  fact  one  of  the  principal  writers  in 
the  early  portion  of  Burrow's  Diary ;  contributing  occasionally 
in  his  real  name,  and  frequently  under  the  fictitious  signature 
"  Caput  Mortuum,"  to  both  the  mathematical  and  poetical  de- 
partments. The  assistance  rendered  by  Mr.  Burrow  to  "  poor 
Clarke  "  appears  worthy  of  notice,  since  it  confirms  Mr.  Swale's 
remark,  that  "  his  heart  was  good  although  his  habits  had  not 
been  formed  by  the  hand  of  a  master : " — most  probably  ]Mr. 
Clarke  w^as  entirely  dependent  upon  such  assistance  during  the 
latter  part  of  his  stay  in  London.  The  failure  at  Christ's  Hospi- 
tal is  very  laconically  noticed,  but  his  temper  seems  to  have  been 
somewhat  more  seriously  disturbed  by  the  oversight  of  the  un- 
accommodating tailor  than  by  the  decision  of  the  Hospital  ex- 
aminers. The  terms  in  which  his  opinions  of  the  workman's 
default  are  expressed,  rendered  it  necessary  to  suppress  a  portion 
of  the  Journal  at  this  point.  Mr.  Samuel  Rogers  was  a  frequent 
contributor  to  the  early  numbers  of  the  Diary,  and  at  one  time 
I  was  led  to  conclude  that  he  was  identical  with  the  noted  poet 
and  banker  of  Lombard  Street ;  subsequent  examination,  how- 
ever, in  the  absence  of  positive  proof,  has  led  me  to  doubt  the 
accuracy  of  this  conjecture.  The  application  to  Lord  Townsend 
eventually  proved  successful,  since  the  Diary  for  1777  contains 
an  announcement  that  correspondents  must  address  their  com- 
munications to  "  ^Ir.  Reuben  Burrow,  ^Mathematical  Master  of 
the  Drawing  Room  in  the  Tower ; "  his  salary,  however,  was  not 
on  a  very  liberal  scale,  being  only  100/.  a  year;  nor  did  the 
Board  of  Ordnance  think  proper  to  grant  him  any  remuneration 
for  the  extra  duties  they  im})osed  upon  him  in  making  surveys 
of  the  Essex  and  Sussex  coasts,  during  the  time  he  held  the  ap- 
pointment, for  on  the  "  27th  August,  1782,"  he  complains  to  the 
Board  that  "  he  has  been  allowed  nothing ;  when  at  the  same 
time  that  wretched  compiler  of  other  men's  productions,  the 
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^lathematical  Master  at  AVoolwich  [Dr.  Hutfon),  is  paid  with 
profusion  for  his  extra  services ;  though  he  has  more  than  double 
the  salary  that  I  had,  and  his  scholars  never  made  half  the 
improvement  that  those  in  the  Drawing-room  did  in  the  same 
iuterval.^^ 

Mr.  "William  Jones,  F.R.S.  was  the  father  of  the  late  cele- 
brated Sir  William  Jones,  and  this  extract  adds  many  curious 
particulars  respecting  him  to  the  sketch  of  his  life  given  by  Mr. 
Robertson  in  Hutton's  ^lathematical  Dictionary.  Xo  doubt 
Mrs.  Jones  acted  upon  the  best  addce  when  she  relinquished  the 
project  cf  publishing  her  late  husband's  Course  of  Mathematics; 
she  had  now  the  prospect  of  having  an  infant  son  to  })rotect, 
educate,  and  prepare  for  the  actual  struggles  of  life,  and  under 
such  circiimstances  the  considerable  outlay  v.hich  must  have  been 
incurred  in  case  of  publication,  could  not  be  justified  by  the  un- 
certain sale  of  a  Course  of  ^lathematics,  although  her  husband 
had  died  in  better  circumstances  than  usually  falls  to  the  lot  of 
mathematicians.  The  pamphlet  referred  to  as  having  been 
written  by  Simpson  against  De  ]\loivre,  was  most  probably  the 
Appendix  to  the  Doctrine  of  Annuities,  published  by  the  former 
in  1743.  In  the  treatise  on  this  subject,  Mr.  Simpson  had 
spoken  favourably  of  De  ]\Ioivre^s  work,  but  these  well-meant 
compliments  were  misunderstood  by  the  latter,  and  led  him  to 
insert  some  very  harsh  expressions  respecting  Simpson  in  the 
Preface  to  a  new  edition  of  his  Annuities  on  Lives.  These  im- 
proper inferences  gave  rise  to  Simpson's  Appendix,  which  con- 
tained a  dignified  answer  to  De  Moivre's  "  pei'sonal  and  malig- 
nant representations,''  and  so  far  convinced  the  latter  of  the 
erroneousness  of  his  conclusions,  that  he  omitted  the  obnoxious 
passages  in  the  next  edition  of  1750.  Most  probably  ]\Ir.  Jones 
felt  anxious  for  the  welfare  of  the  Royal  Society,  and  did  not 
desire  that  such  unseemly  differences  should  exist  between  two 
of  its  most  distinguished  ornaments.  ]\Ir.  Gardiner  is  well 
known  as  the  editor  of  the  best  edition  of  Sherwin's  Logarithmic 
Tables,  and  Dr.  Bevis  was  one  of  the  ablest  astronomers  of  the 
last  century.  He  erected  an  Observatory  at  Newington  Green 
at  his  own  expense,  and  published  Dr.  Hallej^s  Astronomical 
Tables  in  1719  with  considerable  additions.  He  assisted  in  the 
com])Osition  of  several  works  on  science;  was  a  correspondent 
to  the  Mathematical  ^Magazine,  conducted  by  his  friends  ^Messrs. 
!Moss  and  Witchell,  and  contributed  twenty-seven  papers  to  the 
Philosophical  Transactions.  The  account  of  !Mr.  Jones's  Cata- 
logue and  the  disposal  of  his  library  are  without  doubt  in  the 
main  correct,  although  the  motives  attributed  to  Dr.  Bliss  seem 
scarcely  sufficient  to  account  for  his  opposition  to  its  publication. 
Whether  the  ^ISS.   were  burnt  or   sent  down    to  Sherborne 
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Castle  does  not  appear  to  have  been  as  yet  ascertained^  nor  could 
it  answer  any  useful  purpose  to  attempt  the  necessary  inquiry : 
the  Course  would  probably  have  lost  much  of  its  value  even  in 
Burrow^s  time,  and  would  certainly  possess  no  interest  now,  except 
as  the  production  of  a  mathematician  who  occupied  a  high  posi- 
tion in  the  world  of  science  a  century  ago.  ^  itli  regard  to  the 
troubles  in  the  Macclesfield  family,  it  may  be  observed  that  Mr. 
Jones  exerted  himself  very  successfully  in  favour  of  reconciliation, 
and  so  far  arranged  matters  to  the  satisfaction  of  all  parties,  that 
it  became  a  common  saying,  as  Mr.  Robertson  remarks,  "  that 
jMacclestield  was  the  making  of  Jones,  and  Jones  the  making  of 
Macclesfield.''  (Mutton's  Dictionary,  vol.  i.  p.  692).  Dr.  Brook 
Taylor  "  was  a  profound  and  elegant  mathematician  of  the  old 
school  of  Newton,  Jones,  Cotes,  &c.,  and  one  of  the  chief  writers 
in  the  disputes  with  the  Bernoullis"  and  other  continental 
writers.  His  Theorem  will  perpetuate  his  name  so  long  as  the 
Differential  Calculus  exists;  nor  will  those  who  know  anything  of 
the  contents  of  his  Methodus  Incrementurum,  his  Principles  of 
Perspective,  &c.,  consider  that  his  merits  have  been  at  all  over- 
stated in  the  extracts  from  Burrow  and  Hutton. 

Burnley,  Lancashire, 
March  18,  1853. 

[To  be  continued.] 


LXXXI.  The  Singularities  of  Physical  Science,  their  Classifica- 
tion, and  their  Uses.  By  Robert  Carmichael,  A.M.,  Fellow 
of  Trinity  College,  Dublin*. 

IN  the  scientific  study  of  nature,  the  attention  is  perpetually 
awakened  by  the  discovery  of  various  singularities  in  her 
generally  regular  and  even  course. 

In  one  point  of  view  it  would  be  unmeaning  to  institute  any 
comparison  between  such  singularities  and  those  which  occur  in 
pure  mathematics,  since  they  are  logically  identical,  the  operations 
of  nature  conforming  to  mathematical  laws.  In  another  point 
of  view,  however,  there  is  an  extreme  contrast.  The  one  class 
is  the  result  of  our  own  arbitrary  conceptions  embodied  in  defi- 
nitions; the  other  is  founded  u])on  general  laws  of  nature, 
whether  discovered  or  undiscovered :  a  knowledge  of  the  one 
serves  to  no  practical  purpose,  unless  we  are  to  accept  that  of 
decoration,  as  those  singular  points  of  an  ellipsoid,  the  umbilics, 
were  proposed  to  be  employed  by  the  celebrated  geometer  Monge ; 
the  great  benefits  which  a  knowledge  of  the  other  has  conferred 
upon  mankind  are  appreciated  by  all  who  feel  the  slightest 
interest  in  the  researches  of  modern  science. 
*  Communicated  by  the  Author. 
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If  we  examine  these  phijsical  singularities  with  a  view  to  their 
classification,  we  shall  find  that  some  of  them  arc  the  rigid  con- 
sequences of  general  laws  with  which  we  are  acquainted.  For 
example^  the  existence  of  magnetic  poles,  that  is,  of  points  at 
which  the  horizontal  magnetic  force  vanishes,  results  from  the 
general  character  of  the  Potential  surface.  Again,  the  existence 
of  a  position  of  miniumm  deviation  is  the  necessaiy  consequence 
of  the  laws  of  prismatic  refraction. 

There  are,  however,  other  physical  singularities  which  are  to 
us,  in  the  present  state  of  our  knowledge,  absolutely  anomalous. 
We  are  imable  to  account,  philosophically  speaking,  for  their 
existence;  and  as  they  appear  to  depend  in  general  upon  the 
molecular  constitution  of  bodies,  there  seems  little  probability 
that  the  demands  of  science  will  ever  be  completely  satisfied. 
As  a  familiar  instance,  in  cooling  down  from  the  point  of  ebul- 
lition, water  gradually  contracts  until  it  reaches  the  temperature 
4°  Cent.,  when  it  commences  to  expand,  and  continues  to  do  so 
until  it  solidifies  in  the  shape  of  ice.  The  existence  of  a  point  of 
maximum  density  is  thus  indicated  for  a  liquid.  A  more  remark- 
able example  of  this  class  of  physical  singularities  is  furnished 
by  the  expansion  of  Rose's  fusible  metal.  This  substance,  an 
alloy  of  bismuth,  lead  and  tin,  "  contracts  on  cooling  until  it 
solidifies  at  75° ;  after  this  it  still  continues  to  contract  until  it 
attains  to  55°,  from  which  point  to  35°,  on  the  contraiy,  it  ex- 
pands, and  after  that  contracts  again,  and  continues  to  do  so  to 
the  lowest  temperatures.  It  is  to  be  remarked,  that  the  volume 
at  the  melting-point,  75°,  is  the  same  as  at  the  point  of  relative 
maximum,  35°.  It  is  probable  that  this  anomaly  is  connected 
with  some  change  which  takes  place  in  the  arrangement  of  the 
molecules  of  the  metal  consequent  on  the  change  from  the  liquid 
to  the  solid  state,  and  that  it  is  analogous  to  the  similar  phseno- 
menon  in  the  case  of  water ;  with  this  difference,  that  in  the 
latter  substance  the  anomaly  begins  to  exhibit  itself  before  the 
change  (solidification)  takes  place,  but  in  the  fusible  metal  not 
until  afterwards. '^   (Dixon's  Treatise  on  Heat,  part  1,  p.  41.) 

The  expansion  of  this  body  may,  in  fact,  be  represented  by 
the  curve 


where  the  absciss?e  represent  the  temperatures,  and  the  ordinates 
the  corresponding  volumes ;  anel  we  are  now  furnished  with  an 
instance  of  a  solid,  exhibiting  not  only  a  point  of  maximum  den- 
sity) but  also  a  point  of  maximum  dilatation.     I  shall  discuss 
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this  illustration  at  some  lengtli,  as  it  is  suggestive  of  some  points 
most  valuable  in  a  theoretical  point  of  view. 

At  first  sight  it  would  seem  as  if  a  knowledge  of  the  con- 
ditions which  have  been  just  stated  would  be  sufficient  to  deter- 
mine the  law  of  expansion^  the  method  employed  being  appli- 
cable to  all  similar  cases. 

Thus  St  being  the  coefficient  of  expansion,  supposing  gene- 
rally that 

it  is  evident  that  the  form  of /must  be  discontinuous;  the  first 
break  occurring  for  t  =  7^°,  and  a  second  at  the  value  of  t  cor- 
responding to  the  point  of  vaporization. 
Moreover  for  ^  =  55°,  we  should  have 

/(o5)  =  0,    /'(55)=>0; 
for  ^  =  35°, 

/(35)=0,    /"(35)<0; 

and  since  the  volume  at  75°  is  equal  to  the  volume  at  35°, 
/(75)=/(35). 

These  conditions,  however,  are  manifestly  insufficient  to  deter- 
mine the  form  of/,  or  the  law  of  expansion  of  the  metal ;  indeed 
it  is  evident  that  an  infinite  number  of  curves  might  be  described 
so  as  to  satisfy  those  conditions,  but  that  one  curve  alone  can 
give  the  law  required. 

This  remark  will  serve  to  explain  a  difficulty  alluded  to  by 
M.  Pierre*  with  regard  to  the  expansion  of  liquids.  He  has 
shown,  that,  although  the  formula 

h^=at  +  bt'^■^ct^ 

in  general  represents  their  expansion  with  considerable  accuracy, 
in  some  cases  we  must  adopt  different  coefficients  for  the  upper 
and  lower  parts  of  the  thcrmometric  scale.  Thus  in  the  case  of 
amylic  alcohol,  or  fusel  oil,  the  coefficients  for  temperatures 
from  —15°  to  +80°  Cent,  differ  from  those  suited  to  the  range 
from  80°  to  131°.  Isl.  Pierre  states  also  that  a  formula  of  this 
kind  fails  to  represent  the  expansion  of  water  between  the  limits 
— 13°'14  and  100°,  and  that  he  has  not  succeeded  in  discovering 
any  simple  expression  which  will  do  so. 

From  what  has  been  said  it  is  obvious  that  a  pinori  this 
should  be  so,  unless  the  formula  express  the  exact  law  of  expan- 
sion, which  is  by  hypothesis  unknown.  The  partial  coincidence  of 
the  deductions  from  the  formula  with  the  results  of  expeiiment 
is  easily  intelligible  from  the  circumstance,  that  any  two  curves 
possessing  tolerable  regularity  and  passing  through  the  same 

*  Annates  de  C/iimie  et  de  Physique,,  vol,  xix,  p.  210,  3vd  series. 
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three  points,  which  are  necessary  to  determine  the  three  coeffi- 
cients a,  b,  c,  will  nearly  coincide  between  those  points. 

We  may  also  now  anticipate  what  the  ultimate  form  of  coeffi- 
cients of  expansion  must  be,  if  ever  the  knowledge  of  molecular 
physics  shall  be  so  far  advanced,  that  this  form  may  be  investi- 
gated a  jiriori  from  the  laws  of  the  elementary  molecules,  with- 
out the  necessity  of  having  recourse  to  experiment  except  for 
verification . 

It  is  well  known  that  most  solids  expand  uniformly  by  increase 
of  temperature  until  they  reach  the  point  of  liquefaction.  At 
this  point  an  abrupt  change  takes  place,  and  the  expansion  of 
the  body  commences  to  follow  a  different  law.  This  new  law 
holds  until  the  body  reaches  the  temperature  corresponding  to 
the  point  of  vaporization,  when  a  second  abrupt  change  takes 
place,  and  the  expansion  obeys  a  third  law  differing  in  character 
from  both  the  preceding. 

In  the  present  state  of  our  knowledge  we  are  obliged  to  em- 
ploy three  distinct  coefficients  of  expansion,  expressed  by  empi- 
rical fornuilse,  for  these  three  several  stages.  It  would  seem, 
however,  that  in  general  coefficients  of  expansion  should  be  repre- 
sented by  discontinuous  functions,  with  breaks  corresponding  to 
the  points  of  liquefaction  and  vaporization  respectively,  and  the 
temperatures  corresponding  to  the  points  of  maximum  and 
minimum  condensation,  if  there  be  such,  being  given  by  the 
roots  of  the  respective  derived  functions.  Any  discrimination 
of  substances  into  solids,  liquids  and  gases,  may  be  regarded,  so 
far  as  the  previous  remark  is  concerned,  as  unnecessary,  since 
modern  skill  has  shown  that  they  may  be  all  reduced  to  the  class 
solid. 

Of  the  two  classes  to  which  we  have  pro])osed  to  reduce  all 
physical  singularities,  the  one  comprehending  those  deduced  as 
consequences  of  known  laws,  and  the  other  those  not  yet  so 
deduced,  the  former  has  subserved  the  most  important  practical 
purposes.  Thus,  in  the  science  of  optics,  we  avail  ourselves  of 
our  knowledge  of  the  position  of  minimum  prismatic  deviation 
in  order  to  determine  the  indices  of  refraction  and  the  dispersive 
powers  of  various  substances,  accurate  values  of  wliich  are  indis- 
pensable to  the  perfection  of  all  optical  instruments  and  many 
of  the  useful  arts.  The  other  instance  by  which  this  first  class 
was  illustrated  was  borrowed  from  the  science  of  terrestrial  mag- 
netism, and  it  is  unnecessary  to  dwell  upon  the  advantages  which 
have  resulted  from  the  reaction  of  the  determination  of  the 
magnetic  ])olcs  upon  a  great  branch  of  physical  science. 

But  while  such  valuable  ends  have  been  thus  attained,  how 
comes  it  that  the  other  class  of  these  physical  singularities  has 
as  yet  contributed  little  or  nothing  for  the  practical  good  of 
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mankind  ?  Thus,  in  the  case  of  the  point  of  maximum  density  in 
water,  man  has  traced  the  wise  design,  the  benevolent  provision 
of  the  Ahuighty,  by  which  our  seas,  lakes,  and  rivers  are  avail- 
able for  human  purposes,  and  not  converted  into  solid  frozen 
masses.  He  has  wondered,  but  as  yet  his  wonder  has  resulted 
in  no  discovery  for  the  benefit  of  his  species. 

In  France,  indeed,  philosophers  have  adopted  this  point  as  a 
natural  unit  of  density.  It  has  thus  supplied  us  with  a  particular 
standard ;  but  how  little  is  this  in  comparison  with  the  advan- 
tages which  ought  to  result  from  a  due  application  of  this  sur-" 
prising  ph?enouienon  !  Again  we  repeat  our  inquiry,  How  comes 
it  that  this  second  class  of  physical  singularities  has  contributed 
little  or  nothing  for  the  practical  good  of  mankind  ? 

Tlie  answer  plainly  is,  because  we  are  unacquainted  with  the 
general  laws  of  which  they  are  the  consequences.  How  is  it 
that  in  optics  we  can  employ  so  extensively  and  so  usefully  the 
position  of  minimum  deviation  ?  Evidently  because  we  are 
acquainted  with  the  general  laws  upon  which  its  existence 
depends. 

In  order,  then,  to  be  enabled  to  employ  mth  advantage  the 
singularities  of  nature,  we  must  acquaint  ourselves  with  the 
general  laws  of  which  they  are  the  consequences.  The  principal 
of  those  which  have  not  been  yet  so  employed  appear  to  depend 
upon  the  molecular  constitution  of  bodies.  Another  reason  is 
thus  perhaps  added  to  the  many  which  combine  to  render  mole- 
cular physics  one  of  the  most  interesting  subjects  of  the  present 
day.  Experimental  research  has  done  much,  the  difficulties 
which  encompassed  its  mathematical  treatment  are  fast  disappear- 
ing^ and  its  claims  upon  consideration  seem  fairly  appreciated. 

LXXXII.  Considerations  on  the  Theory  of  Chemical  Changes,  and 
on  Equivalent  Volumes.  Bij  T.  S.  Hunt,  of  the  Geological 
Commission  of  Canada^. 

IN  the  proposed  inquiry  we  commence  by  distinguishing  be- 
tween the  phsenomena  which  belong  to  the  domain  of  physics, 
and  those  which  make  up  the  chemical  history  of  matter.  We 
^  conceive  of  matter  as  influenced  by  two  forces,  one  of  which 
produces  condensation,  attraction,  and  unity,  and  the  other, 
expansion,  repulsion,  and  plurality.  Weight,  as  the  result  of 
attraction,  is  a  universal  property  of  matter.  Besides  this,  we 
have  its  various  conditions  of  consistence,  shape,  and  volume, 
with  the  relation  of  the  latter  to  weight,  constituting  specific 

*  From  the  American  Jom-nal  of  Science  and  Arts,  2nd  series,  vol.  xv. — 
March,  1853. 
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gravity,  and  the  relations  of  heat,  light,  electricity  and  magnetism. 
A  description  of  these  qualities  and  relations  constitutes  the 
physical  history  of  matter,  and  the  group  of  characters  which 
serve  to  distinguish  one  species  from  another,  may  be  designated 
the  apparent  form  of  a  species,  as  distinguished  from  its  essential 
form. 

The  forces  above  mentioned  modify  physically  the  specific 
characters  of  matter,  but  they  have  besides  important  relations 
to  those  higher  processes,  which  give  rise  to  new  species  by  a 
complete  change  in  the  specific  phsenomena  of  bodies.  In  the 
capacity  of  this  complete  change,  consists  the  chemical  activity 
of  matter. 

It  is  necessary  to  distinguish  between  the  i)roduction  of  new 
species  dificring  in  physical  characters,  and  that  reproduction 
which  belongs  to  organic  existences.  The  distinction  arises  from 
that  individuation  which  marks  the  results  of  organic  life,  and 
is  eminently  characteristic  of  its  higher  forms.  The  indivi- 
duality not  only  of  the  organism,  but  of  its  several  parts,  is  more 
evident  as  we  ascend  the  scale  of  organic  life,  while  inorganic 
bodies  have  a  specific  existence,  but  no  individuahty ;  division 
does  not  destroy  them.  Solidity  or  crystallization  is  a  com- 
mencement of  individuation,  and  crystals  like  the  tissues  of 
plants  and  animals,  must  be  destroyed  before  they  can  become 
the  subjects  of  chemical  change  ;  "  corpora  non  agunt  nisi  sint 
soluta." 

That  mode  of  generation  which  produces  individuals  like  the 
parent,  can  present  no  analogy  to  the  phaenomena  under  con- 
sideration ;  metagenesis  or  alternate  generation*,  and  metamor- 
phosis, are  perhaps,  however,  to  a  certain  extent  prefigured  in  the 
chemical  changes  of  bodies.  Their  metagenesis  is  effected  in  two 
ways,  by  condensation  and  union  on  the  one  hand,  and  by  expan- 
sion and  division  on  the  other.  In  the  first  case,  two  or  more  bodies 
unite,  and  merge  their  specific  characters  in  those  of  a  new 
species.  In  the  second  case,  this  process  is  reversed,  and  a 
body  breaks  up  into  two  or  more  new  species.  Metamorphosis 
is  in  the  same  manner  of  two  kinds ;  in  metamorphosis  by  con- 
densation, only  one  species  is  concerned ;  and  in  that  by  expan- 
sion the  result  is  homogeneous,  and  without  specific  difference. 

The  chemical  history  of  bodies  is  a  record  of  these  changes; 
it  is  in  fact  their  genealogy.  The  processes  of  union  and  divi- 
sion embrace  by  far  the  greater  number  of  chemical  changes,  in 

*  The  term  metagenesis  I  find  used  by  Prof.  Owen  to  designate  that 
multiform  or  serial  generation  observed  in  many  of  the  lower  orders  of 
animal  life.  This,  however,  is  not  strictly  a  metagenesis,  and  the  term,  if 
not  rightly  understood,  may  lead  to  dangerous  errors  ;  as  applied  to  chemical 
transformatious,  however,  it  appears  uuobjectiouable. 
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wliicli  metamoi'pliosis  sustains  a  less  important  part.  By  union 
Avc  rise  to  indefiuitely  higher  species ;  l)ut  in  division  a  hmit  is 
met  with^  in  the  production  of  species  ^^■hich  seem  incapable  of 
further  division,  and  these,  being  regarded  as  primary  or  original 
species,  are  called  chemical  elements.  These  two  processes  con- 
tinually alternate  with  each  other,  and  a  species  produced  by  the 
first  may  yield  by  division  species  unlike  its  parents.  From 
this  succession  results  double  decomposition  or  equivalent  substi- 
tution, which  always  involves  a  union  followed  by  division,  although 
under  the  ordinary  conditions  the  process  cannot  be  arrested  at 
the  intermediate  stage. 

The  prevalence  of  certain  modes  of  division  in  related  species, 
has  given  rise  to  the  different  hypotheses  of  copulates  and  radi- 
cals, which  have  been  made  the  ground  of  systems  of  classifica- 
tion ;  but  these  hypotheses  are  based  on  the  notion  of  dualism, 
w^hich  has  no  other  foundation  than  the  observed  order  of  gene- 
ration, and  can  have  no  place  in  the  theory  of  the  science.  A 
body  may  divide  into  two  or  more  new  species,  yet  it  is  evident 
that  these  did  not  pre-exist  in  it,  from  the  fact  that  a  different 
division  may  yield  other  species  whose  pre-existence  is  incompa- 
tible wdth  the  last ;  nor  can  the  pre-existence  of  any  species  but 
those  which  we  have  called  primary,  be  admitted  as  possible. 
Apart  from  these  considerations,  it  is  to  be  remarked  that  our 
science  has  to  do  only  with  phsenomena,  and  no  hypothesis  as  to 
the  noumenon  or  substance  of  a  species  under  examination, 
based  upon  its  phenomena,  or  those  of  its  derived  species,  can 
ever  be  a  subject  of  science,  for  it  transcends  all  sensible  know- 
ledge. 

For  these  reasons,  it  is  conceived  that  the  notion  of  pre-existing 
elements  or  gi-oups  of  elements,  should  find  no  place  in  the  the- 
orv  of  chemistry.  Of  the  relation  which  subsists  between  the 
higher  species,  and  those  derived  from  them,  we  can  only  assert 
the  possibility,  and  under  proper  conditions,  the  certainty  of 
producing  the  one  from  the  other.  Ultimate  chemical  analyses, 
and  the  formulas  deduced  from  them,  serve  to  show  what  changes 
are  possible  in  any  body,  or  to  what  new  species  it  may  give  rise 
by  its  changes. 

Chemical  union  is  interpenetration,  as  Kant  has  taught,  and 
not  juxtaposition,  as  conceived  by  the  atomistic  chemists.  When 
bodies  unite,  their  bulks,  like  their  specific  characters,  are  lost 
in  that  of  the  new  species.  Gases  and  vapours  unite  in  the  pro- 
portion of  one  volume  of  each,  or  in  some  other  simple  ratio,  and 
the  resulting  sj^ecies  in  the  gaseous  state  occupies  one  volume, 
so  that  the  specific  gravity  of  the  new  species  is  the  sum  of  those 
of  its  factors.  The  converse  of  this  is  true  in  division,  a)id  the 
united  volumes  of  the  resulting  species  are  some  simple  multiple 
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of  that  of  the  parent ;  in  metamorphosis  a  similar  ratio  is  always 
observed. 

Apart  from  the  apparent  exceptions  about  to  be  noticed,  the 
weights  of  equal  volumes  of  gases  and  vapours  are  their  equiva- 
lent weights,  and  the  doctrine  of  chemical  equivalents  is  that  of 
the  equivalency  of  volumes.  According  to  the  atomic  hypothe- 
sisj  these  weights  represent  the  relative  weights  of  the  atoms, 
and  as  equal  volumes  contain  the  same  number  of  atoms,  these 
must  have  similar  volumes,  so  that  we  come  at  last  to  the 
equivalency  of  volumes.  As  chemical  combination  is  not  a 
putting  together  of  molecules,  but  an  interpcnetration  of  masses, 
the  application  of  the  atomic  hypothesis  to  exj)lain  the  law  of 
definite  proportions  becomes  wholly  vmnecessary.  Chemical 
species  are  homogeneous  ;  "  tola  in  minimis  existit  naiura."  Solu- 
tion is  chemical  union,  as  is  indicated  by  the  attendant  conden- 
sation ;  mechanical  mixtures  are  not  accompanied  by  any  change 
of  volume. 

As  two  volumes  of  water-vapour  yield  one  volume  of  oxygen 
and  two  of  hydrogen,  this  was  assumed  to  be  the  equivalent  of 
water  and  of  hydrogen,  while  oxygen  was  represented  by  one 
volume,  whose  weight  was  8,  that  of  the  volume  of  hydrogen 
being  'o,  so  that  the  weight  of  the  equivalent  of  water  was  9. 
But  two  volumes  of  hydrogen  unite  without  condensation,  with 
two  of  chlorine,  and  the  resulting  four  volumes  of  hydrochloric 
gas  are  found  to  be  equivalent  to  four  volumes  of  chlorine,  hy- 
drogen or  water-vapour.  Hence  four  volumes  are  to  be  taken 
for  the  equivalent  of  water,  and  it  becomes  H'-  0^,  with  an 
equivalent  of  18,  corresponding  to  IICl,  and  to  volatile  species 
generally,  whose  equivalents  are  represented  by  foiu-  volumes  of 
vapour;  from  these,  the  equivalents  of  non-volatile  species  are 
determined  by  comparison. 

Hydrogen,  chlorine,  and  some  other  primary  species  offer 
apparent  exemptions  to  the  general  law  of  condensation  and 
equivalency  of  volumes.  When  four  volumes  of  chlorine  unite 
with  four  of  olefiant  gas,  or  nai)hthaline,  the  product  is  condensed 
into  four  volumes  ;  but  if  the  chlorine  unite  with  the  same 
volume  of  hydrogen  gas,  there  is  no  condensation,  and  eight 
volumes  or  two  equivalents  of  hydrochloric  gas  are  produced. 
This,  however,  is  explained  when  we  find  that  four  volumes  of 
the  chloro-hydrocarbon  i\lll,  CP,  may  break  up  into  four  of  a 
new  species  MCI,  and  four  of  IICI,  a  change  which  with  the 
chloride  of  etherene  is  effected  by  the  aid  of  hydrate  of  potash, 
and  with  the  chloride  of  naphthaline  takes  place  spontaneously 
at  an  elevated  tenq)erature.  In  the  production  of  hydrochloric 
gas  from  chlorine  and  hydrogen,  union  takes  place  followed  by 
immediate  expansion  without   specific   difference  or  metamor- 
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phosis,  while  in  its  production  with  the  hydrocarbons  we  observe 
the  intermediate  stage. 

If  an  equivalent  of  four  volumes  of  hydrochloric  gas  were  to 
undergo  a  change  like  the  chloride  of  naphthaline,  and  yield  four 
volumes  of  chlorine  and  four  of  hydrogen,  these  species  would 
appear  with  one-half  their  observed  densities ;  hence  we  con- 
clude that  they  are  actually  condensed  to  one-half  their  theore- 
tical volumes,  so  that  four  volumes  of  hydrogen  gas  represent 
not  H,  but  H^.  In  the  same  way,  if  we  conceive  the  quantity 
of  oxygen  produced  from  four  volumes  of  water-vapour  to  re- 
present two  equivalents,  it  should  equal  eight  volumes  instead  of 
two,  so  that  it  is  condensed  to  one-fourth,  precisely  as  the  vapour 
of  sulphur  is  condensed  to  one-twelfth  of  its  theoretical  volume. 
As  there  are  no  bodies  which  are  kno^Ti  to  yield  for  four  volumes 
a  less  quantity  than  two  volumes  of  oxygen,  this  may  be  taken 
to  represent  its  equivalent,  and  the  condensation  of  the  theore- 
tical volume  is  like  that  of  hydrogen  and  chlorine,  one-half. 
Water  with  an  equivalent  of  four  volumes  is  then  H^  0,  and  its 
weight  2  +  16  =  18;  the  same  formula  is  deduced  by  those 
chemists  who  take  two  volumes  for  the  equivalent,  and  di\dding 
the  weight  of  hydrogen,  write  water  H^  0,  with  an  equivalent 
weight  of  9.  The  condensation  of  these  elements  is  that  mode 
of  metamorphosis  which  constitutes  polymerism,  and  evidently 
offers  no  exception  to  the  law  of  equivalent  volumes. 

The  law  of  Laurent,  "  that  the  number  of  atoms  of  hydrogen, 
or  of  hydrogen,  chlorine,  nitrogen,  metals,  &c.,  in  any  formula, 
corresponding  to  four  volumes  of  vapour,  is  always  a  sum  divi- 
sible by  two,'^  clearly  follows  from  the  principles  already  laid 
down,  and  from  the  fact  that  nitrogen  and  the  metals  are  sub- 
ject to  the  same  conditions  as  hydrogen  and  chlorine ;  the  atoms 
have  the  value  which  has  been  assigned  to  H  and  to  CI  in  the 
formulas  given  above.  The  same  rule  of  divisibility,  as  Laurent 
has  already  shown,  necessarily  holds  in  regard  to  the  number  of 
atoms  of  carbon,  as  well  as  to  the  oxygen  and  sulphur,  if  we 
take  for  their  equivalent  weights  the  numbers  6,  8  and  16 
respectively*. 

It  is  to  be  remarked  that  while  the  coefficients  of  H,  CI  or  N, 
in  formulas  where  these  are  associated,  may  be  odd  numbers, 
those  of  0,  S,  and  C  are  always  even ;  this  seems  a  conclusive 
reason  for  doubling  the  equivalents  of  the  latter,  or  dividing 
those  of  hydrogen,  chlorine,  the  metals,  &c.,  according  as  four 
or  two  volumes  are  taken  for  the  equivalent. 

I  have  elsewhere  pointed  out  that  carbon  and  oxygen  sustain 

*  See  Laurent's  Recherches  surles  combinaisons  azotees,  Ann.  de  Chimie 
et  de  Physique,  Nov.  1846,  and  the  American  Journal  of  Science  for  Sept. 
1848,  p.  174. 


and  on  Equivalent  Volumes.  531 

such  relations  that  C-  H*  may  be  compared  with  0^  H^  and  with 
O^  j\l^j  and  by  the  substitution  of  nitrogen  for  hydrogen,  with 
C^  HN,  prussic  acid,  and  0-  N'^  nitrous  oxide  (the  so-called  com- 
pounds of  nitrous  oxide  with  bases  are  probably  0-  MN,  corre- 
sponding to  the  cyanides,  C'^MN) ;  while  theperoxideof  hydi'ogen, 
0^  H'^,  corresponds  to  0"*  N^,  nitric  oxide,  and  to  C**  N-,  cyano- 
gen. This  relation  has  important  bearings  on  the  histoiy 
of  the  cyanic  series,  and  the  nitric  derivatives  of  the  hydro- 
carbons*. 

The  formulas  of  such  related  species  as  Gerhardt  has  desig- 
nated chemical  homologues,  differ  from  each  other  by  nC^  H'^  j  if 
now  the  relation  between  C  and  0  be  what  we  have  supposed,  it 
may  be  expected  that  mineral  species  will  exhibit  the  same  rela- 
tions as  those  of  the  carbon  series,  and  the  principle  of  homology 
be  greatly  extended  in  its  application.  Such  is  really  the  case, 
and  the  history  of  mineral  species  affords  many  instances  of  iso- 
morphous  silicates,  whose  fornudas  differ  by  uO"^  M^,  as  the  tour- 
malines, and  the  silicates  of  alumina  and  magnesia,  while  the 
latter,  with  many  zeolites,  exhibit  a  similar  difference  of  nO^  H'^. 
The  relation  is  in  fact  that  which  exists  between  neutral  and 
surbasic  or  hydrated  salts. 

Laurent  has  asserted  that  salts  of  the  same  base,  with  homolo- 
gous acids  of  the  type  (C'^  H"^)  nO'*,  may  be  isomorphous  when  they 
differ  by  0-  H-,  and  has  pointed  out  besides,  several  instances 
of  what  he  has  called  hemi-morphism  in  species  thus  related, 
as  well  as  in  others  differing  by  nCP.  The  observations  of  Pas- 
teur and  Nickles  have  greatly  extended  the  application  of  these 
cases,  which  assume  a  new  importance  in  connexion  with  the 
views  here  brought  forward,  and  demand  further  studyf- 

But  to  return  :  we  have  seen  that  iu  gases  and  vapom's  the 
specific  gravity  of  a  species  enables  us  to  fix  its  equivalent,  which 
is  often  a  multiple  by  some  whole  number  of  that  calculated 
from  the  results  of  ultimate  analysis.  As  the  equivalents  of  non- 
volatile species  are  generally  assumed  to  be  those  quantities  which 
sustain  the  simplest  ratio  to  certain  volatile  ones,  the  real  equiva- 
lent weight  corresponding  to  four  volumes  of  vapour,  and  conse- 
quently the  theoretical  vapour-density  of  such  species,  is  liable  to 
a  degree  of  the  s.^.ae  uncertainty  as  those  deduced  from  ultimate 
analysis.     Having,  however,  determined  the  true  equivalent  of  a 

*  See  page  502  of  my  Introduction  to  Organic  Chemistry,  appended  to 
Silliman's  "First  Principles  of  Chemistry,"  Phihid.  1S52;  and  the  Amer. 
Journal  for  .Tiinuary.  l8o.'l,  p.  151. 

t  See  Laurent,  Comptes  Roidiis  de  VAcad..  t.  xxvi.  p.  353.  and  p.  25/ 
of  L.  and  Gerhardt's  Comptes  Rendus  des  Travaua;  de  Chimie  for  18-18; 
also  Pasteur,  ibid.,  p.  165;  and  Nickles,  Comptes  Rendus  des  Travaux 
for  1849,  p.  347. 
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species  from  the  density  of  its  vapour^  the  inquiry  arises  Avhether 
a  definite  and  constant  relation  may  not  be  discovered  between 
its  vapour-density  and  the  specific  gravity  of  a  species  in  the 
sohd  state.  Such  a  relation  being  established^  and  the  value  of 
the  condensation  in  passing  from  a  gaseous  to  a  solid  state  being 
known,  the  equivalents  of  solids^  like  those  of  vapours^  might  be 
determined  from  their  specific  gravities. 

A  connexion  between  equivalent  weight  and  density  is  evident 
in  some  allied  and  isomorphous  species.  H.  Kopp,  in  dividing 
the  assumed  equivalent  v.eights  of  such  bodies  by  their  specific 
granties,  obtained  quantities  which  were  found  to  be  equal  for 
some  of  these  related  species.  These  numbers  evidently  repre- 
sent the  volumes  of  equivalents_,  and  in  accordance  with  the 
atomic  hjiiothesis,  are  said  to  denote  the  atomic  volumes.  The 
inquiry  of  Kopp  has  been  pursued  by  many  investigators,  among 
whom  are  Schroeder,  Filhol,  Playfair  and  Joule,  and  more  re- 
cently, Dana.  Their  results  show  that  thevolumes  thus  calculated 
for  related  species  of  similar  crystallization  are  generally  identical, 
or  sustain  to  each  other  some  simple  ratio  ;  while  Mr.  Dana,  who 
has  compared  isomorphous  species  of  unlike  chemical  constitu- 
tion, finds  that  the  calculated  volumes  are  often  to  each  other  as 
the  number  of  equivalents  of  elements  in  the  formulas  represent- 
ing the  species;  thus  leading  to  the  conclusion  that  the  real 
equivalent  weight  is  either  a  mean  of  that  of  all  the  elements,  or 
some  multiple  of  it.  The  reason  of  this  appears  in  the  fact  that 
the  formulas  of  those  species  in  which  this  relation  is  apparent, 
generally  differ  in  the  proportions  of  AP  0^,  SiO^,  ^IgO,  CaO, 
&c.,  and  the  quantities  obtained  in  dividing  the  equivalent 
weights  of  these  by  the  number  of  elements  are  nearly  equal. 
If  we  divide  by  the  number  of  elements  the  equivalents  calcu- 
lated from  the  formulas  of  those  species,  it  will  be  seen  that  the 
mean  equivalents  vary  with  the  specific  gravity. 

These  investigations  have  been  principally  confined  to  native 
and  artificial  mineral  species,  and  the  equivalents  have  been  cal- 
culated from  the  formulas  of  Berzelius  and  Rammelsberg,  which 
express  the  simplest  ratios  deducible  from  analysis.  AVhile  in 
conformity  with  the  dualistic  notions,  a  mineral  like  calcite  or 
magnesite  was  regarded  as  a  compound  of  one  equivalent  of  car- 
bonic acid  and  one  of  lime  or  magnesia,  dolomite  was  said  to  be 
composed  of  one  equivalent  of  each  of  these  carbonates,  or  of 
two  to  three,  as  the  case  might  be,  while  its  density  was  the 
mean  of  those  of  its  constituents ;  thus  implying  that  this  union, 
unlike  that  observed  in  gases,  is  juxtaposition,  and  not  interpene- 
tration.  This  system  of  formulas  has  introduced  such  difficulties 
into  the  study  of  the  relations  before  us,  that  we  find  Mr.  Dana 
led  to  the  conclusion  that  ''the  elemental  molecules  are  not  com- 
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billed  together  or  united  with  one  another  in  a  compound,,  but 
that  under  their  mutual  influence  each  is  changed  alike,  and  be- 
comes a  mean  result  of  the  molecular  foi'ces  in  action":^/' 

The  solution  of  these  difficulties  is  very  simple,  and  \nll  have 
been  inferred  from  the  plan  of  our  inquiry.  It  is  found  in  the 
principle  that  all  species  crystallizinij  in  the  same  shape,  have 
the  same  equivalent  volume;  so  that  their  equivalent  weights,  as 
in  the  case  of  vapours,  are  directly  as  their  densities,  and  the  equi- 
valents of  mineral  species  are  as  much  more  elevated  than  those 
of  the  carbon  series,  as  their  specific  gravities  are  higher.  The 
rhombohedral  carbonates  must  be  represented  as  salts  having 
from  twelve  to  eighteen  equivalents  of  base,  replaceable  so  as  to 
give  rise  to  a  great  number  of  species,  and  the  variations  in 
the  volume  of  different  carbonates,  as  observed  by  Kopp,  indi- 
cate the  existence  of  several  homologous  genera,  which  are 
isomorphous. 

The  researchca  of  Playfair  and  Joule  have  led  them  to  the 
conclusion  that  in  some  hydratcd  salts  which  crystallize  with 
twenty  and  twenty- four  equivalents  of  water,  as  the  carbonate, 
the  triphosphates  and  triarseniatcs  of  soda,  the  calculated  volume 
coincides  with  that  obtained  by  multiplying  the  volume  of  ice 
(9"8  for  HO  with  an  equivalent  weight  of  9)  by  the  number  of 
equivalents  of  water.  This  result  is  thus  explained;  water  in 
these  salts  is  in  the  same  state  of  condensation  as  in  ice,  and 
24  HO  thus  condensed  would  occupy  the  volume  of  24  x  9'8 
=  235,  which  is  identical  with  that  of  the  rhombic  phosphate,  as 
20  X  9-8=  198  is  with  that  of  the  carbonate  of  soda,  C-  Na^  0^, 
20  HO.  Alum,  crystallizing  with  24  HO,  has  a  volume  which 
is  greater  than  that  of  phosphate  of  soda,  and  according  to  Play- 
fair  and  Joule,  equals  that  of  the  water  in  the  state  of  ice,  ^^^th 
the  addition  of  the  bases,  the  acid  being  excluded  t-  In  reality, 
the  equivalent  volume  of  alum  is  to  that  of  the  rhombic  phos- 
phate as  270:235,  and  24  HO  crystallizing  in  the  monometric 
system,  would  have  the  same  volume  as  alum  with  a  specific 
gravity  of  about  -8,  giving  for  HO  ir25  instead  of  9-8. 

AVhat  arc  called  the  atomic  volumes  of  crystallized  species  are 
the  comparative  volumes  of  their  crystals.  In  the  rhombohedral 
system,  the  length  of  the  vertical  axis  being  constant,  the  volume 
varies  with  tlic  length  of  the  lateral  axes,  or  in  other  words, 
increases  as  the  rhonibohcdron  becomes  obtuse,  and  diminishes 
as  it  becomes  acute,  the  cube  being  the  limit  between  the  two. 
So  in  the  dimetric  and  trimetric  systems,  the  length  of  the  vertical 
axis  being  unity,  the  volume  diminishes  as  the  base  of  the  prism, 

*  American  Journal  of  Science  [2],  vol.  ix.  p.  245. 
t  Chem.  Soc.  Quar.  Journal,  i.  p.  139,  cited  in  Liebis;  and  Kopp's  An. 
Rep.,  1847-48,  vol.  i.  p.  30. 
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the  specific  graAity  iucrcasiug.  ]Monoclmic  and  triclinic  crystals 
may  be  calculated  as  if  derivatives  of  the  trimetric  system,  with 
which  they  will  be  found  to  correspond  in  volume. 

It  is  now  necessary  to  determine  what  equivalent  corresponds 
to  a  given  specific  gravity  in  any  crystalline  solid,  or  in  other 
words,  what  is  the  value  of  the  condensation  which  takes  place 
in  the  change  from  the  gaseous  to  the  solid  state ;  and  here  a 
degree  of  uncertainty  is  met  with,  because  the  equivalent  of  a 
crystallized  species  may  often  be  a  multiple  of  that  deduced  from 
those  chemical  changes  which  only  commence  with  the  destruc- 
tion of  its  crystalline  individuality.  The  simplest  formula  de- 
ducible  for  alum  is  KO  SO^  AFO^SSO^  24HO,  or  S-^KaP 
0^®,  12H'-  0-,  and  hydrogen  being  unity,  its  equivalent  is  at 
least  474"6,  which  with  a  specific  gravity  of  1*75,  gives  a  volume 
of  about  270.  Again,  grape-sugar  is  not  less  than  C^"^  H^'^  0^^, 
if  we  regard  its  combination  with  common  salt  as  corresponding 
to  one  equivalent  of  each,  and  the  ferrocyanides  in  the  same  way 
are  represented  by  C^'^,  &c. ;  there  are  reasons  for  believing  that 
the  equivalents  of  these  species  in  the  crystalline  state  correspond 
to  some  multiple  of  the  above  formulas,  a  Cjuestion  to  be  decided 
by  an  examination  of  the  crystallization  and  specific  gravity  of 
species  whose  equivalents  are  admitted  to  be  higher. 

Fa^TC  and  Silbermann,  from  their  researches  upon  the  heat 
evolved  in  fusion  and  solution,  have  been  led  to  conclude,  first, 
that  ciystallized  salts  are  polymeric  of  these  same  salts  in  solu- 
tion, i.  e.  are  represented  by  formulas  which  are  multiples  of 
those  deduced  from  analysis;  secondly^  that  double  salts  and 
acid  salts  do  not  exist  in  solution,  being  produced  only  during 
crystallization  ;  and  thirdly,  that  water  in  ciystalHzing  changes 
from  HO  to  nHO,  n  being  some  whole  number*.  These  con- 
clusions are  seen  to  be  in  accordance  with  the  e  deduced  from  a 
consideration  of  the  relations  of  density  and  equivalent  volume ; 
a  polymerism  is  evident  in  such  salts  as  sulphate  of  potash  and 
cyanide  of  potassium,  when  their  specific  gravities  are  compared 
with  those  of  alum  and  the  ferrocyanide. 

In  the  liquid  state,  the  relation  between  specific  gravity  and 
equivalent  is  not  so  apparent  in  solid  species.  The  condensation 
often  varies  greatly,  even  in  allied  and  homologous  species,  but 
still  exhibits  a  relation  of  volumes.  The  alcohols  C"-^  H"*  0"^,  C"* 
H6  OS  C^o  H12  OS  and  C^e  H'^  0^,  have  very  nearly  the  same 
specific  gravity,  so  that  the  condensation  is  inversely  as  their 
vapovu'-equivalents.  The  densities  of  wine-alcohol,  acetic  acid 
and  aldehyd  in  the  liquid  state,  vaiy  as  their  equivalents,  so  that 

*  Comptes  Rendus,  xxii.  823-1140,  andxxiii.  19,9-^11 ;  cited  in  Liebig 
and  Kopp's  Annual  Report  for  1847-48,  vol.  i.  p.  40. 
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the  calculated  volumes  are  57*5,  55*5  and  55.  Formic  and 
valeric  acid  show  a  similar  relation  in  density  to  their  respective 
alcohols,  their  calculated  volumes  being  to  these  as  37"3  :  39,  and 
108  :  106*7.  If  to  these  we  add  butyric  acid,  which  gives  a 
volume  of  90,  and  the  density  of  whose  alcohol  has  not  yet  been 
determined,  the  liquid  volumes  for  the  fom'  acids  C-  H^  0'*,  C'* 
H^O^  C^H^O'*  and  CioH'oO'*,  are  37-3,  55-5,  90,  and  108. 
These  numbers  approximate  to  multiples  of  the  liquid  volume  of 
water  IPO^,  which  is  18;  or  taking  this  as  unity^  are  very 
nearly  as  2,  3,  5  and  6.  The  interval  between  3  and  5  corre- 
sponds to  propionic  acid  C^  H^  0"*,  of  whose  specific  gravity  I 
find  no  recorded  observation.  The  density  of  many  of  these 
liquids  is  not  accurately  known,  and  the  results  of  different 
experimenters  are  not  precisely  accordant.  The  specific  gravity 
at  their  boiling-points  should  probably  be  chosen  for  the  purpose 
of  comparison,  and  these  approximations  lead  us  to  expect  that 
future  observations  will  establish  a  simple  relation  between  the 
densities  of  liquids  and  their  vapours. 

In  a  succeeding  paper,  it  is  proposed  to  apply  the  principles 
explained  in  the  present  essay,  in  an  examination  of  the  equiva- 
lents of  a  number  of  minerals  and  other  crystalUzed  species. 

LXXXIII.  Notices  respecting  New  Books. 

An  Elementary  Treatise  on  the  Lunar  Theory,  with  a  brief  sketch  of 
the  History  of  the  Proble?n  up  to  the  time  of  Newton.  By  Hugh 
GoDFRAY,  B.A.,  of  St.  John's  College,  Cambridge.  Cambridge, 
Macmillan  and  Co. :  London,  G.  Bell,  &c. 

THE  author  of  this  treatise  was  third  wrangler  a  few  years  ago, 
and  is  well-known  already  as  one  of  the  most  successful  of  the 
private  tutors  at  Cambridge.  The  subject  of  his  book  is  one  which, 
as  our  mathematical  readers  are  aware,  is  perhaps  the  most  interest- 
ing and  important  of  all  the  branches  of  mathematical  physics  ;  and 
as  such  has  engaged  the  attention  of  nearly  every  great  mathema- 
tician for  centuries.  By  slow  degrees  the  subject  has  attained  a 
state  approaching  as  near  to  perfection  as  possible,  both  as  regards 
our  knowledge  of  the  lunar  motions,  and  their  theoretical  expla- 
nation. But  the  mode  of  presenting  the  subject  to  the  student  has  not 
kept  j)ace  with  the  progress  of  the  science  itself,  nor  indeed  was  this 
to  be  expected.  Within  the  last  twenty  or  thirty  years,  however, 
several  attempts  have  been  made  to  render  the  subject  more  easy  of 
access  to  the  student,  especially  in  that  university  where  it  holds  so 
conspicuous  and  prominent  a  place  in  the  course  of  study  and  exami- 
nation. The  names  of  Woodhouse,  Airy  and  Pratt,  will  at  once 
occur  to  our  academical  readers  as  writers  on  the  subject  whose 
works  have  had  a  very  great  and  deserved  influence  and  estimation. 
Some  of  these  however  have  only  treated  the  lunar  theory  as  a  per- 
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tion  of  more  extensive  subjects,  and  have  consequently  presented  it 
in  a  shape  not  so  well  adapted  as  it  might  be  to  the  beginner.  Of 
course  no  one  can  attempt  even  to  commence  such  a  study  without 
a  previous  familiarity  with  all  the  other  branches  of  mathematics, 
such  as  dynamics,  differential  calculus,  &c.,  necessary  to  its  com- 
prehension, and  a  knowledge  of  these  is  of  course  assumed  by  fill 
the  writers  on  the  lunar  theory  in  a  greater  or  less  degree.  But 
supposing  this  preliminary  knowledge  in  the  reader,  there  yet  remain 
numerous  difficulties  peculiar  to  the  lunar  theory  itself,  and  it  is  in 
treating  of  these  that  the  author  of  the  work  before  us  has  shown 
his  aptitude  and  abilities  as  a  teacher.  To  those  who  are  not  already 
familiar  with  the  science,  it  would  be  imjDossible  to  state  what  are 
the  peculiar  merits  of  the  work ;  to  those  who  are,  it  will  be  suffi- 
cient to  say,  that  there  are  improvements  introduced  here  and  there 
throughout  the  whole,  and  more  especiall)^  in  those  parts  where  the 
begin?ier  is  most  likely  to  make  mistakes.  In  particular  we  would 
direct  their  attention  to  the  sixth  chapter  on  the  "  Physical  Inter- 
pretation" of  the  various  terms  in  the  equations,  and  to  the  last 
chapter  on  "The  History  of  the  Problem  before  Newton,"  in  both 
of  which  the  author  shows  himself  greatly  superior  to  very  many 
of  the  Cambridge  mathematical  book-makers  (especially  those  of  his 
own  college)  who  slur  over  the  jjrinciples  and  real  foundations  and 
difficulties  of  a  subject,  in  order  to  hasten  to  the  mere  mechanical 
part,  requiring  only  algebraical  dexterity.  In  short,  Mr.  Godfray's 
'Lunar  Theory'  is  the  work  of  a  man  who  thoroughly  understands 
the  subject  himself,  and  possesses  more  than  the  usual  ability  to 
convey  his  knowledge  to  others.  As  an  elementary  treatise  and 
introduction  to  the  subject,  we  think  it  may  justly  claim  to  supersede 
all  former  ones,  and  we  have  little  doubt  that  as  such  it  will  soon  be 
adopted  as  the  text-book  at  Cambridge  and  elsewhere. 


LXXXIV.  Intelligence  and  Miscellaneous  Articles. 

ON  A  METHOD  OF  DISTINGUISHING  THE  VOLATILE  OILS  OF  THE 
SERIES  C'^H'*.       by  C.  GREVILLE  WILLIAMS. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Laboratory,  Oxford  Court, 
Gentlemen,  April  25,  1853. 

rf^HE  fact  has  long  been  notorious,  that  we  possess  no  strictly 
i  chemical  means  of  distinguishing  the  volatile  oils  of  the  series 
C^  H*  from  each  other.  The  taste,  smell,  and  the  action  of  polarized 
light  have  been  hitherto  the  only  distinctive  character.  Any  facts 
tending  to  throw  a  light,  however  small,  on  this  branch  of  the 
science,  cannot,  I  think,  be  otherwise  than  acceptable. 

Schonbein  tells  us  that  certain  of  the  oils,  when  ozonized,  have 
the  power  of  converting  the  black  sulphuret  into  the  white  sulphate 
of  lead ;  but  from  some  experiments  which  I  had  occasion  to  make 
some  time  back,  I  felt  convinced  that  several  of  the  oils  possessed 
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this  propert)''  in  their  normal  state,  or  at  least  in  the  condition  in 
which  they  are  found  in  commerce  ;  others  appear  destitute  of  this 
property,  and  it  is  upon  these  differences  that  I  propose  a  means  of 
distinguishing  them. 

My  method  of  experimenting  is  to  take  slips  of  lead  test-paper 
and  hold  them  over  a  bottle  of  hydrosulphuret  of  ammonia  until  it 
acquires  a  uniform  brown  tint ;  I  then  let  a  drop  of  the  oil  to  be 
tried  fall  upon  the  paper  so  prepared,  and  hold  it  over  the  plate  of 
the  furnace  to  quicken  the  process  and  evaporate  the  excess  of  oil. 
In  this  manner  the  followino-  results  were  obtained : — 


Oil  of  turpentine     . 

.     colour  discharged, 

mint    . 

do. 

lavender  . 

do. 

amber       .     . 

do. 

lemons     .     . 

no  change. 

anise   .     .     . 

do. 

cassia 

do. 

Turpentine  and  oil  of  lemons  offer,  perhaps,  the  most  marked 
contrast ;  the  one  instantly  destroys  the  colour,  the  other  produces 
a  scarcely  perceptible  effect,  and  that  only  after  frequent  repetitions 
of  the  process. 

We  have  thus  in  our  power  to  detect  with  ease  any  adulteration 
of  the  latter  oil  with  the  former. 

One  or  two  per  cent,  may  be  detected  thus,  and  with  four  per  cent. 
the  effect  is  almost  as  strongly  marked  as  wdth  the  pure  oil  of  tur- 
pentine. 

When  the  quantity  of  the  last-mentioned  oil  is  very  small  in  the 
sample  to  be  examined,  it  is  as  Avell  to  repeat  the  addition  and  the 
subsequent  heating  two  or  three  times. 

I  enclose  a  specimen  of  the  effect  of  oil  of  lemon  adulterated  with 
two  and  four  per  cent,  of  turpentine ;  also  a  slip  showing  the  action 
of  the  oils  in  the  pure  state,  and  am. 
Gentlemen, 

Vour  very  obedient  Servant, 

C.  Greville  Williams. 


NOTE    ON    INDUCTIVE    ELECTRICAL  MACHINES,  AND  OX  A  READY 
MEANS  OF  INCREASING  THEIR  EFFECT.       BY  M.   FIZEAU. 

The  electrical  machines  which  have  been  constructed  of  late  years 
on  the  inductive  principle  are  now  Avell  known ;  the  constancy  and 
regularity  of  their  effects,  as  well  as  the  facility  of  their  employ- 
ment, present  marked  advantages,  which  render  these  new  machines 
preferable  in  some  cases  to  those  of  the  old  construction. 

Having  undertaken  some  new  experiments  on  the  rapidity  of  the 
propagation  of  electricity,  especially  with  the  view  of  comparing  in 
this  respect  electricity  of  tension  with  galvanic  electricity,  I  found 
the  employment  of  this  apparatus  very  suitable  for  the  puipose,  but 

Phil.  Mag.  S.  4.  No.  35.  Suppl.  Vol.  5.  2  N 
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nevertheless  that  it  would  be  useful  to  give  greater  power  to  the  in- 
strument, and  especially  to  be  able  to  increase  the  tension  of  the 
electricity  furnished  by  it. 

A  very  sensible  increase  of  effect  is  obtained  by  employing  a 
stronger  pile  to  set  the  apparatus  in  action,  and  the  electricity  de- 
veloped at  the  two  poles  of  the  machine  acquires  thus  a  very  marked 
increase  of  tension.  But  this  increase  is  accompanied  by  an  incon- 
venience which  deprives  the  instrument  of  its  principal  advantage, 
which  consists  in  the  regularity  and  the  duration  of  its  effects.  One 
of  the  essential  parts  of  the  machine  is  M.  de  la  Rive's  vibratory  con- 
tact-breaker. When  the  instrument  is  in  action,  very  brilhant  sparks 
are  produced  between  the  surfaces  of  the  breaker,  and  although  these 
surfaces  may  be  formed  of  platinum,  they  are  soon  fused  and  de- 
stroyed when  the  current  is  rendered  more  intense ;  the  vibrations 
becoming  less  constant  in  consequence,  the  production  of  electricity 
soon  loses  its  regularity. 

The  same  inconvenience  would  no  doubt  be  produced  by  giving 
the  machine  larger  dimensions  than  those  adopted  by  M.  RuhmkorfF, 
for  the  force  of  the  sparks  which  are  produced  at  the  point  of  vibra- 
tion is  due  principally  to  the  current  induced  in  the  conducting  wire 
itself;  and  if  the  dimensions  of  the  wires  and  the  number  of  turns 
of  the  spire  be  increased,  this  current  would  of  course  become  more 
intense  and  the  sparks  stronger. 

But  an  attentive  study  of  the  peculiarities  of  the  apparatus  soon 
led  to  the  discovery  of  an  entirely  different  and  very  simple  means 
of  increasing  the  energy  of  the  effects  produced.  Many  experiments, 
which  it  would  take  too  long  to  describe,  tend  to  show  that  the  current 
of  induction  which  is  produced  in  the  inducting  wire  itself  at  the 
moment  of  the  rupture  of  the  circuit,  exercises  a  considerable  in- 
fluence on  the  production  of  electricity  in  the  induced  wire  which 
terminates  the  two  poles  of  the  machine.  When  this  current  is 
produced  freely  and  takes  a  great  development,  the  poles  give  but 
little  electricity  ;  but  when,  on  the  contrary,  this  urrent  meets  with 
obstacles,  and  only  attains  a  slight  development,  the  poles  give  much 
electricity,  and  the  power  of  the  machine  becomes  greater.  Several 
arrangements  served  to  prove  this  fact  ;  I  may  mention  the  employ- 
ment of  metals  more  fusible  than  platinum  on  the  surfaces  of  the 
breaker,  and  the  union  of  the  vibrating  parts  by  fine  wires  of  differ- 
ent lengths.  This  principle  being  admitted,  it  follows,  that  in  order 
to  increase  the  power  of  the  machine,  it  is  sufficient  to  oppose  the 
development  of  the  current  which  is  produced  in  the  inductor  wire 
at  the  moment  of  the  rupture  of  the  circuit,  and  it  is  easy  to  see 
that  this  result  must  be  obtained  by  acting  upon  the  tension  pos- 
sessed by  this  current  and  rendering  it  weaker.  In  fact,  when  the 
machine  is  in  action,  the  great  light  of  the  sparks  which  appear  at 
the  point  of  rupture,  indicates  that  the  current  in  question  acquires 
a  great  development,  and  this  is  the  case  because  the  electricity 
possesses  sufficient  tension  to  pass  with  facility  the  space  which 
sej^arates  the  vibrating  pieces :  if  the  tension  became  weaker,  the 
space  to  be  passed  presenting  a  constant  resistance,  the  passage 
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would  not  take  place  with  the  same  facility,  the  sparks  would  be 
less  brilliant,  and  the  current  would  acquire  a  smaller  development. 

A  very  efficacious  mode  of  diminishing  the  tension  is  to  have 
recourse  to  the  well-known  properties  of  the  Leyden  jar,  and  other 
apparatus  founded  on  the  same  principle.  A  condenser  is  formed  of 
two  leaves  of  tin  in  juxtaposition,  but  separated  and  insulated  from 
one  another  by  a  layer  of  varnish,  and  each  of  the  leaves  put  into 
communication  with  each  extremity  of  the  inductive  wire  ;  the  points 
of  attachment  must  be  on  both  sides  of  the  point  of  interruption 
when  the  sparks  are  produced.  Then  the  two  electricities,  before 
arriving  at  the  point  of  interruption,  spread  over  the  two  surfaces 
of  the  tin,  where  they  lose  their  tension  to  a  great  extent,  in  conse- 
quence of  the  mutual  influence  exercised  across  the  isolating  layer 
of  varnish. 

When  the  condenser  presents  a  sufficient  surface  (5  or  6  square 
decimetres),  the  light  is  seen  immediately  to  become  weakened  at 
the  point  of  interruption,  whilst  the  machine  acquires  a  remarkable 
increase  of  energy  ;  the  poles  then  give  stronger  sparks  and  at  a 
greater  distance  than  before.  The  condenser  may  be  conveniently 
placed  in  a  horizontal  position,  a  little  above  the  electro-magnet, 
and  sustained  by  four  glass  supports.  With  this  addition,  which  is 
very  easily  made,  not  only  does  the  machine  give  more  electricity, 
but  it  also  continues  longer  in  regular  action,  because  the  surfaces 
of  the  breaker  are  no  longer  exposed  to  the  action  of  the  very  intense 
sparks  which  change  them  so  rapidly. 

An  arrangement  invented  by  M.  Sinsteden,  in  which  the  principle 
of  condensation  has  been  employed  to  obtain  stronger  discharges  with 
inductive  machines,  has  only  an  apparent  analogy  with  the  method 
which  I  here  indicate  ;  the  principle  and  the  effects  of  the  two 
methods  being,  in  reality,  very  different.  In  fact,  it  is  the  electricity 
developed  in  the  second  wire,  the  inductive  wire,  which  is  modified 
by  M.  Sinsteden,  so  as  to  cause  more  brilliant  sparks;  but  these 
stronger  discharges  are  not  accompanied  by  an  augmentation  of 
tension,  which  is,  on  the  contrary,  weakened.  The  employment  of 
this  method  does  not  in  any  way  injure  the  efficiency  of  that  pro- 
posed by  me,  and  they  may  both  be  employed  together,  where  such 
a  course  is  found  advisable. 

To  furnish  an  idea  of  the  increase  of  effect  which  I  have  obtained 
in  my  experiments,  I  will  give  the  following  observation.  A  gal- 
vanometer being  jilaced  in  the  circuit,  the  electricity  produced  by 
the  machine  was  :  assed  into  rarefied  air,  when  the  beautiful  phaeno- 
mena  of  light  recently  studied  by  M.  Quet  were  produced.  When 
the  machine  acted  under  ordinary  conditions,  the  needle  of  the  gal- 
vanometer indicated  a  deviation  of  8*"'.  When  the  condenser  was 
employed,  the  light  produced  acquired  greater  splendour,  and  the 
deviation  of  the  needle  reached  15°,  the  intensity  of  the  current 
being  consequently  nearly  doubled. — Comptes  Rendus,  March  7,  1 853, 
p.  418. 
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